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Butterfat free or practically free of lecithin was prepared by the wash- 
ing process already described. About 500 ml. of the butter oil thus pre- 
pared was placed in a liter flask, fitted with a rubber stopper through which 
were inserted one glass tube reaching nearly to the bottom of the flask 
and one short tube. The flask then was placed in an oven controlled at 
75° C + 0.5°, and oxygen was bubbled through the butter oil until it be- 
came tallowy. The tallowy butter oil then was dispersed in skimmilk of 
good flavor by means of homogenization, the fat precentage of the remade 
milk being kept at about 4 per cent. 
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THE EFFECT OF MASTITIS UPON MILK 
PRODUCTION 


A. O. SHAW ann A. L. BEAM 
Dairy Department, The Pennsylvania State College, State College, Penna. 


It is generally accepted that each quarter of a cow’s udder functions as 
a separate physiological unit. Parks (1) has given figures for the mini- 
mum, the maximum, and the differences in calcium content of milk from 
each quarter of the udder of five cows. Benton (2), after studying the 
subject of coagulation, presented values for pH and percentage of butter- 
fat from different quarters of the same udder and concluded that each 
quarter of a cow’s udder is a separate physiological unit. Mattick and 
Hallett (3) determined the yield, titratable acidity, hydrogen-ion concen- 
tration, time of rennet coagulation, total nitrogen, casein nitrogen, amount 
of butterfat, total solids, and ash content of the milk from different quarters 
of the same udder. They found wide differences in the results of these 
determinations in the milk produced by the front and rear quarters, and 
significant differences when a comparison was made between the secretion 
from the opposite front, or the opposite rear quarters. 

Very little work has been done on the effect of disease on the composi- 
tion of milk. Cranfield and Ling (4) analyzed milk from a cow which 
secreted abnormal milk for three lactations and found that the ratio of 
calcium to phosphorus varied from 0.78 to 1.65. Koestler (5) found that 
abnormalities in secretion were accompanied by changes in composition 
which follow a general rule. The amount of globulin, chlorine, sodium 
and sulphate were increased, while the lactose, potassium, magnesium, eal- 
cium, and phosphorus content were decreased. 

Mastitis is very common in all parts of the world, and the most con- 
servative estimates place the rate of infection of all cows of producing age 
at from 15 to 40 per cent. Steelman, according to Rosell (7), in an exami- 
nation of 170 herds in Germany, found that 52 per cent of all the cows 
possessed diseased udders, while the workers at the Kiel Station in the same 
country report that 66 per cent of some 50,000 milk samples examined by 
them yearly gave evidence of the disease. Minnott (8) reported the exami- 
nation for streptococci of 850 milking cows in sixteen herds in Great 
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Britain. He found that not less than 333 of these cows were infected. The 
incidence in each herd ran from 11 to 65 per cent. Hucker (9) reporting 
in this country found that 90 per cent of 221 cows examined, showed indura- 
tion or fibrosis of the udder in one or more quarters. Forty-eight per cent 
of all quarters discharged streptococci in the milk, while 9 per cent showed 
pus pockets on post mortem. 

During the past year a study of the efficiency of the various tests (brom 
thymol blue, chlorides, cell count, and catalase) for the detection of mas- 
titis has been carried on at The Pennsylvania Station. During the progress 
of this work, cows were found which gave a positive reaction to the tests 
in one or more quarters of the udder for a period of time, and then later 
seemed to be free from any abnormal udder condition as indicated by at 
least three of the four tests employed. This raised the question as to the 
effect of such infections upon the efficiency of the secretion from the 
diseased quarters as compared with the secretion from the opposite healthy 
quarters. 

Some work (6) has been reported which indicates that the rear quarters 
produce more milk than the fore quarters, and that a variation is often 
found between the amount of secretion in the fore quarters, and also 
between the production of the rear quarters. 

In order to determine the extent of this variation, eighteen cows with 
normal udders were selected. For a period of four to six months these 
individuals gave a negative reaction to the four tests for mastitis. All 
tests, both for mastitis and butterfat, were run every two weeks. The cows 
were milked by hand into a bucket divided into halves so that the milking 
could be carried out in the normal manner. The milk from each quarter 
was weighed and the percentage of butterfat determined by the Babcock 
test. The average amount of milk, pounds of butterfat, and percentage 
of butterfat from each of the four quarters of the udders of these eighteen 
cows is given in table 1. 


TABLE 1 
The average amount of milk produced from each of the four quarters of non-infected 
udders 
AVERAGE MILK AVERAGE BUTTERFAT AVERAGE 
QUARTER PRODUCTION PRODUCTION BUTTERFAT 
Lbs. Lbs. Per cent 
Right Front .... 2.9 -1056 3.64 
Left Front ~s 2.6 .0919 3.53 
Right Rear . 3.3 1178 3.57 
Left Rear ........ 3.3 1195 3.62 


From these figures it is evident that only a small variation may exist 
between the amounts of milk secreted by the fore quarters and by the rear 
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quarters of non-infected udders. The average variation in the pounds of 
milk produced by opposite quarters ranged from zero for the rear quarters 
to ten per cent for the fore quarters. The average variation in pounds of 
butterfat ranged from one per cent between the opposite rear quarters to 
twelve per cent between the opposite fore quarters. 

For the remainder of the study 86 cows were selected which showed an 
infection in one quarter of the udder as indicated by a positive reaction to 
at least three of the four tests employed, while the opposite quarter 
remained negative to all tests. 

These quarters were milked by the same method employed on the non- 
infected udders, and the same data recorded. A considerably greater dif- 
ference was found to exist between the production of the non-infected 
quarters and the opposite infected quarters than in the trial where both 
quarters were normal. 

The data in table 2 show that the non-infected fore quarters produced 
0.8 of a pound or 34.8 per cent more milk, and 0.0379 of a pound or 34.3 


TABLE 2 
Comparison of production from opposite non-infected and infected fore quarters 


AVERAGE MILK | AVERAGE BUTTER- AVERAGE 
QUARTER NUMBER PRODUCTION FAT PRODUCTION BUTTERFAT 
| Lbs. Lbs. Per cent 
Non-infected | 41 2.3 .1102 4.79 
Infected | 41 1.5 .0723 4.82 


per cent more butterfat than did the opposite infected quarters. If the 
variation between the milk production of normal quarters as indicated in 
table 1 is taken into consideration, then there is a difference of approxi- 
mately 25 per cent more milk produced by non-infected than by infected 
fore quarters. In the case of butterfat the difference is around 21 per cent 
in favor of the non-infeeted quarters. 

The non-infected rear quarters as indicated in table 3 produced 1.2 
pounds or 31.6 per cent more milk and 0.058 of a pound or 40 per cent 
more butterfat than the opposite infected rear quarters. There was practi- 


TABLE 3 
Comparison of production from opposite non-infected and infected rear quarters 


AVERAGE MILK | AVERAGE BUTTER- AVERAGE 
QUARTER NUMBER PRODUCTION FAT PRODUCTION BUTTERFAT 
Lbs. Lhba. Per cent 
Non-infected 45 3.8 .1448 3.81 


Infected 45 2.6 .0868 3.34 
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eally no difference in the production of milk or butterfat between the non- 
infected rear quarters, as indicated in table 1, therefore the non-infected 
rear quarters are approximately 31.6 per cent more efficient in milk produe- 
tion and 40 per cent more efficient in butterfat production than the infected 
rear quarters. 

A comparison of the production of all the opposite non-infected and 
infected quarters is given in table 4. It will be noted that the non-infected 


TABLE 4 
. AVERAGE MILK | AVERAGE BUTTER- AVERAGE 
QUARTER NUMBER PRODUCTION FAT PRODUCTION RUTTERFAT 
Lhbe. Lha. Per cent 
Non-infected 86 3.1 .1280 4.13 
Infected 86 3.1 .0798 3.80 


quarters produced on the average one pound of milk and 0.0482 of a pound 
of butterfat more than the infected quarters. This is equivalent to 32.3 
per cent more milk and 37.6 per cent more butterfat from the non-infected 
quarters than was produced by the infected quarters. 

A variation in milk and butterfat production was found to exist between 
the opposite fore quarters and the opposite rear quarters of non-infected 
udders. These figures are given in table 1. 

After allowing for the maximum variation in milk and butterfat produc- 
tion found between non-infected quarters, it would appear that the non- 
infected quarters are about 22 per cent more efficient in producing milk 
and 24 per cent more efficient in butterfat production than the mastitis 
infected quarters. 

CONCLUSIONS 


1. Only a small variation exists between the pounds of milk, per cent 
butterfat, and pounds of butterfat produced by opposite non-infected 
quarters of a cow’s udder. 

2. A considerable variation may be found between the production of 
opposite mastitis infected and non-infected quarters of a cow’s udder. 

3. Mastitis infection apparently reduced milk production approximately 
22 per cent and butterfat production 24 per cent after allowing for the 
maximum variation found in the milk and butterfat production of non- 
infected quarters. 
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THE HYDROGEN-ION CONCENTRATION OF CREAMERY 
WATERS AND THEIR RELATIONSHIP TO 
WASHING BUTTER* 


N. 8. GOLDING 


University of Idaho Agricultural Experiment Station, Moscow 


INTRODUCTION 


The washing of butter in the grain, after churning and before working, 
has been an accepted practice for many years; it being considered good 
practice to wash the butter twice, in such a manner that the last wash water 
leaves the churn free from buttermilk. However, excessive washing of 
butter tends to produce a flat flavor (5), but is recommended for poor 
quality butter. 

The biological purity of the water used for washing has received con- 
siderable attention (4, 9, 13). Poor keeping quality and actual defects in 
the flavor of the butter at times have been attributed to infection of butter 
with undesirable organisms from the wash water (13, 14). 

The mineral constituents of the creamery water have received their chief 
attention insofar as they affect the boiler and the creamery equipment that 
has to be washed (2). On tite other hand, the reaction of the water used 
for washing butter has not received much consideration. 

Knowing that several creamery supplies are alkaline in reaction, about 
pH 7.6, it was thought that the texture of butter under certain conditions 
might be affected by washing with such water. It is known that several 
proteins, é.g., casein, are more soluble in an alkaline reaction than an acid 
reaction; therefore, were a protective layer removed from the grains of 
butter by washing with alkaline water more free fat would be liberated 
(19). Such a theory might possibly answer some of the unknown causes 
of short grained and sticky butter (19). On the other hand, certain pro- 
teins, such as casein, form salts with alkalies and alkaline earths under 
alkaline conditions, which might be adsorbed on the grains of butter and 
possibly cause texture defects. Where the texture of butter is found to be 
adversely affected by alkali wash waters, it would be a relatively simple 
matter to standardize the water to a most desirable pH, using hydrochloric 
or some other harmless acid. 

. Therefore, it is the object of this work to determine the prevalence of 
alkaline water in Eastern Washington and Idaho and what effect the reac- 
tion of such water has on butter which is washed with it. 

* Published with the approval of the Director as Research Paper No. 130 of the 
Idaho Agricultural Experiment Station. 
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LITERATURE 


The early work of this station by C. W. MeCurdy (7, 8) shows that 
water in Idaho, particularly in the dry belts and the irrigated areas, is 
likely to be alkaline in reaction. 

Wright (17), in an extensive study of surface and subsurface waters 
of the Yakima and Klamath reclamation projects, gives the pH of the water 
from 79 domestic wells, which appears in table 1, and shows that all these 
waters are more or less alkaline in reaction, about one-quarter being over 
pH 8.0. 

TABLE 1 
The reaction of waters from domestic wells in the Yakima and Klamath project (17) 


NUMBER OF WELLS 


Ranging from Ranging from Ranging from 
pH 7.0 to 7.4 pH 7.5 to 7.9 DH 8.0 and above 
46 15 18 


Larsen et al. (6), washing butter with alkaline wash water, found that 
unsalted butter deteriorated one point in flavor more than the control. 
With salted butter no difference in flavor was noted. Their work does not 
exclude deterioration that was of biological origin. 

Brown (1) conducted experiments on the curd content of butter and 
showed that the larger the grains of butter in the buttermilk before washing 
the greater was the curd content of the resulting butter. Whether the 
removal of the curd was entirely physical or partly chemical was not shown. 

Several authorities (12, 15) show that the substance adhering to or 
adsorbed on the fat globules is of a protein-like nature. The examination 
of the nature of the protein surrounding the fat globules in milk by Titus 
et al. (15) lead them to conclude that it is very closely related to, if not 
identical with, casein. On the other hand, Palmer and Wiese (12) find 
that the material, most closely adsorbed on the surface of the fat globules 
in cows’ milk, is composed of a mixture of protein and phospholipides. 
. This protein’s physical properties, percentage of nitrogen, sulfur, and phos- 
phorus do not correspond with those of any other milk protein. It con- 
stitutes the major part of the so-called fat globule membrane. It is unnec- 
essary to go further into the discussion of this still debatable question but 
rather to accept the general conclusion, that they and several other investi- 
gators find, that the substance surrounding the fat globules is largely of a 
protein-like nature. Since milk when treated with ether does not give up 
its fat, or only to a slight extent, until a small amount of acid or alkali 
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has been added to dissolve this protein (15) it would seem that the reaction 
of the wash water might be of significance in the manufacture of butter. 


MATERIALS AND METHODS 

Natural Waters: With the exception of the pH determination made on 
the various creamery water supplies, the water used in these experiments 
was the supply of the Washington State College at Pullman, which at all 
times during the investigation showed a pH of 7.6. Its reported analysis 
by the Cochrane Corporation, Philadelphia, Pennsylvania, is given in 
table 2. 

TABLE 2 
Analysis of water supply at Washington State College 


PARTS PER EQUIVALENT 


MILLION PER MILLION 
Caleium (Ca) : 24.2 1.21 
Magnesium (Mg) 12.4 1.01 
Sodium (Na) 30.8 1.34 
Iron oxide of alumina (R,O,) 4.0 0.22 
Siliea (SiO,) 48.0 1.59 
Bicarbonate (HCO,) 207.0 3.39 
Carbonate (CO,) 
Sulphate (SO,) 8.0 17 
Chloride (Cl,) Trace 
Volatile & organic 10.0 
Total solids in solution 240.0 
Suspended matter Trace 
CO, Free 14.4 
Hardness in terms of CaCO, 111.0 2.22 
Free Acid, pH 7.8 
Hypothetical combinations 
GRS./GAL, 
CaCO, 3.56 
MgCO, 2.51 
SiO, 2.80 
Tron and oxide of alumina (R,O,) 0.23 
Sodium carbonate (Na,CO,) 3.62 
Na,SO, 0.70 
NaCl Trace 
Volatile of organic 0.58 
Total solids in solution 14.00 
Suspended matter Trace 
co, 0.82 


The buffer curve for the Washington State College water supply is 
given in figure I, which shows that considerable acid must be added to the 
water before pH 6.6 is reached, which is about the reaction of sweet cream. 
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Increasing Acidity 


Increasing Alkalinity 


rail 2 4 6 8 10 12 14 16 16 


ml. is HC! added per liter of water 


Fie. I. THe Burrer VALUE oF THE NATURAL ALKALINE WATER SUPPLY. 
Temp. 59° F. 


Distilled Water: The distilled water when used for washing the butter 
was double distilled but showed a pH of about 6.6 due to dissolved CO.,,. 
Both waters were stored in Pyrex glass. Neither water contained any 
measurable quantity of nitrogen when determined by the Kjeldahl method. 
In spite of this, separate duplicate blank determinations were run with each 
experiment. 

Acids: Where required the natural water was acidified with C.P. lactic 
acid in the commercial trials and redistilled N/10 hydrochloric acid when 
washing the small lots of butter. 

Cream: The sweet cream was obtained from the University of Idaho 
herd of Jersey and Holstein cows and was pasteurized before separation. 

The commercial cream was sour gathered cream, from two local cream- 
eries, neutralized and pasteurized in coil vats in the creamery. 

pH Measurements of Water: All pH measurements of water were done 
by colorimetric methods against known buffer standards and checked with 
several indicators, which were prepared by the method given in the Hand- 
book of Chemistry and Physies (3). A further precaution was taken to 


‘ 
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standardize the indicators electrometrically to the pH of the mid-point of 
their color change. The determinations were made at about the tempera- 
ture of washing butter as it was considered this gave a better index of the 
conditions to which the butter was subjected during washing. 

pH Measurements of Cream and Butter: The quinhydrone method, 
using a gold electrode and a Leeds Northrup No. 7654 pH indicator, was 
used to determine the pH of the cream and butter serum. The readings 
were made at 25° C. The butter serum was prepared by centrifuging 
according to the method of Weckel (16). 

Method of Washing the Butter: The commercial churnings, made in a 
small single roller Cherry churn, were washed with the Washington State 
College water, tempered and acidified with lactic acid as required. Four 
buckets of water were used in place of spraying the butter and then a first 
and second wash water in the usual commercial proportion of about one of 
butter to two of wash water. 

The churnings, to determine the solubility of protein in the various 
wash waters, were done in a 12-gallon Superior Sanitary crock churn. The 
300 grams of butter required in each case were carefully weighed into a 
2-litre beaker which contained 600 ml. of water at the required pH. Each 
series was uniformly stirred, held for 2 hours in a cool room, and the wash 
water then filtered off from the butter through 4 thicknesses of cheese-cloth, 
previously washed in distilled water and dried. The wash water was then 
analyzed for nitrogen according to the following method: (Note: Though 
a two-hour washing period for butter is not commercial practice, Whittier 
(18) has shown that equilibrium is attained in this time with milk.) 

Nitrogen determination: The nitrogen (protein) was determined in the 
wash water by the Kjeldahl-Gunning-Arnold method (11), a suitable 
known volume of wash water being used according to whether or not the 
butter had been previously washed with distilled water. After subtracting 
the blank determinations the results are expressed in milligrams of nitrogen 
per litre of wash water. As an additional precaution, ammonia was driven 
é off from the wash water in the Kjeldahl flask before the sulphuric acid was 

added. 


EXPERIMENTAL 


The Reaction of Creamery Water Supplies: Through the cooperation 
of R. L. Nelson and Mr. D. L. Fourt, the pH of a number of creamery 
waters were determined in the creameries where the butter was washed. 
The results of these determinations are given in table 3 which shows: 
1. A similar distribution to that in table 1. 
2. All the waters were more alkaline than the buttermilk made from 


sweet cream. 
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TABLE 3 
The reaction of waters from creamery supplies Sept., 1933, to March, 1984 


NUMBER OF SUPPLIES 
Locariox | | | 
pH 6.8 pH 7.0 pH 7.5 pH 8.0 
| to 6.9 to 7.4 to 7.9 and above 
South East Washington (De- 
termination by R. L. Nelson) 5 5 6 1 
South Idaho (Determina- 
tion by D. L. Fourt) 4 4 
Eastern Washington and | 
Western Idaho 1 | 1 3 


3. The difference may be considered significant in about half the cases 
which are pH 7.5 or above. 

The Change in the Reaction of Creamery Water When Used for Wash- 
ing Butter: Table 4 gives the results from a set of commercial churnings, 
churned to grains a little bigger than wheat and washed according to the 
method deseribed. Table 4 shows: 

1. That the natural alkaline waters at pH 7.6 (churnings 1, 3, 
6, and 9) were affected in reaction by the first washing of the butter. 
However, in the second washing the water flowed from the butter 
practically at the same reaction as when added. Note: The City of 
Spokane water gave similar results. 

2. The waters neutralized to pH 7.0 by acid (churnings 4, 7, and 
10) were rendered acid by the first washing of the butter but were 
unchanged in the second washing. 

3. The water adjusted to the reaction of the cream (churnings 2, 
5, 8, and 11) remained at practically the same reaction throughout 
washing. 

4. The pH of the serum of the butter, though slightly less acid, 
when washed with alkaline water was not significantly changed. The 
greatest difference was between churnings one and two, 0.15 pH. 

5. In general it would appear that the surfaces of the grains of 
butter were affected by the wash water rather than the mass, as the 
pH of the serum of the butter was unchanged. 

The Change in the Reaction of Wash Water When Used for Washing 
Butter: A further series of experiments were conducted on the change in 
the reaction of wash water, using (a) the natural alkaline wash water, (b) 
the same acidified to the pH of the cream and (c) water acidified to about 
the isoelectric point of casein. The washing of the butter was done in 
2-litre beakers as previously described. Instead of washing the same butter 
twice with the prepared waters, distilled water was used so as to remove 
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mechanically, as far as possible, the buttermilk before the acid or alkaline 
action of the water affected the butter grains. 

Table 5, in addition to confirming the statements one and three, in the 
previous experiment, shows that: 

1. In most cases after the wash water was held in contact with the 
grain of the butter for one hour, the pH of the water remained practi- 
cally constant till the end of the second hour. Note: In two cases 
where the period was continued for twenty-four hours the change was 
still slight. 

2. Being more acid, butter made from sour neutralized pasteurized 
cream affected the change in reaction of the wash water more than 
sweet pasteurized cream. 

3. The acid wash water at pH 4.7 changed most in reaction to- 
wards the alkaline side in the second and third washings; at least 
due in part to its being only very slightly buffered between pH 4.7 
and 5.6. 

4. The mechanical washing by distilled water removes the free 
buttermilk, which was the main cause of the change in reaction of 
wash water towards the pH of the cream. 

The Removal of Nitrogen (Protein) from Butter in the Grain by Wash- 
ing in Water at Various Hydrogen-ion Concentrations: Churnings were 
made in a 12-gallon crock churn and 300 grams of the butter in the grain 
weighed out into 2-litre beakers containing 600 ml. of water at the required 
pH. The 3 beakers, containing butter and water in each section, i.e., un- 
washed butter, washed once with distilled water, or washed twice with 
distilled water, were treated as far as possible identically except for the 
difference of pH of the final wash water. After holding in contact with 
the butter for 2 hours, the filtered wash water was analyzed for nitrogen. 
The results, the average of duplicates, are expressed in milligrams of nitro- 
gen per litre. 

Before discussing table 6, it is as well to point out that the method used 
of weighing out 300 grams of butter in the grain, even though fairly firm 
and well rounded, leaves considerable chance for carrying uneven quanti- 
ties of buttermilk, or water used in the previous washing, into the next wash 
water. This point most probably accounts for the uneven results in table 
6, which only can be considered as showing certain trends, namely : 

1. On an average, with the sweet cream butter in the grain, more 
nitrogen (protein) was removed in the alkaline wash water, less in 
that which was the same pH as the cream and still less in the acid 
water, indicating that the alkaline water removed more protein from 
the butter. Three individual exceptions occur, two in experiment 2, 
and one in experiment 3. 
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2. With the sour neutralized cream butter, the removal of nitro- 
gen (protein) by the wash water gave too irregular results to draw 
conclusions, except where the grains had been twice washed with 
distilled water. Here the general trend was the same, namely: as the 
acidity increased, the nitrogen (protein) removed diminished. 

3. The lack of uniformity in table 6 calls for further investiga- 
tions’ by other methods before it can be said definitely that alkaline 
wash water removes more nitrogen (protein) from the surface of the 
butter than acid wash waters. 

4. Though not intended as a part of this investigation it was noted 
that the nitrogen in the second and third waters showed a very 
marked difference when comparing sweet and neutralized cream; the 
proportion being about four times as great in the former as the 
latter. As the treatment had been similar in both cases, the problem 
might form an interesting study. 


DISCUSSION OF RESULT 

The presence of water of an alkaline reaction in Idaho and Washington 
has previously been reported (7, 8,17). The results of our tests show that 
such water is frequently used as a creamery supply for washing butter in 
the grain. The analysis and buffer value of one such water supply (the 
Washington State College, Pullman) is given in detail and this supply was 
used for remainder of the experimental work in washing butter in the 
grain. 

The first experiments to determine what happened to the reaction of the 
butter and the alkaline wash water showed that the water became more 
acid due to free buttermilk (7.e., toward the pH of the cream) in the first 
washing of the butter. While in the second washing the reaction of the 
water remained almost unchanged. 

The reaction of the serum of the resulting butter washed twice was not 
significantly changed by the reaction of the wash water whether or not the 
wash water used was the same pH as that of the cream or alkaline. There- 
fore, whatever the effect of alkaline wash water may be, it is a surface effect. 

A preliminary study made to determine the effect on the surface of the 
grains of butter by the change in reaction of the wash water showed a 
trend for the alkaline water to remove more nitrogen (protein). This 
removal was greater in proportion after most of the free buttermilk was 
removed. Owing to the lack of uniformity in results due to an error in 
‘the method which has no means of measuring the free water weighed out 
with the butter, this trend cannot be made a definite conclusion. 

The problem is one which warrants further study as there are many 
texture defects of butter such as greasy and crumbly butter the causes of 
which are not answered fully. Wode (19) states, ‘‘The greasiness of butter 
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345 may be attributed to a too large amount of free fat and the crumbliness 
at a low temperature to an abundant crystallization of the free fat.’’ If 
this statement is accepted as a general principle, the breakdown or removal 
of surface layers would be expected to have a marked bearing on texture 
defects by inereasing the free fat in the butter. 

The recommended practice of adding acid to a churn to prevent butter 
sticking during churning and working (5, 10) may in some ways be asso- 
ciated with alkaline waters. Further, with the introduction of metal 
churns the reaction of the wash water may play a more significant part. 
Also as the zeolite process is being recommended for dairies (2) and becom- 
ing more common; therefore, an alkaline soda wash water may require to 
be acidified before it gives the best results for washing butter. 

Finally, if there were an advantage to be obtained by standardizing the 
pH of the wash water, the process could be simply, accurately, and satis- 
factorily done in most creameries. 


SUMMARY 

The reaction (pH) of a number of creamery water supplies in Idaho 
and Washington have been made at their respective creameries by colori- 
metric methods. As a considerable proportion of these waters were feund 
to be alkaline in reaction, one such supply was employed to determine the 
effect of an alkaline water, when used for washing butter. 

The first wash water, after washing the butter, was found to have a 
reaction between that of the water and cream while the second wash water 
retained the reaction of the original water. On determining the reaction 
of the serum of the butter, only slight changes were found; therefore, it 
was concluded that the changes in the reaction of the second wash water 
were largely a surface effect on the butter. 

The nitrogen (protein) removed from butter in the grain by wash 
waters at various reactions was determined and found to be slightly greater 
in the alkaline wash waters as compared with those which had been acidi- 
fied. After extraneous buttermilk was removed, which affected the reac- 
tion of the first wash water, the evidence of dissolved protein in the alkaline 
wash water was more marked. 

The effect of alkaline water on the texture of the butter by possibly 
liberating more free fat in the butter was anticipated, but further experi- 
ments are necessary to establish the theory. 
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THE BACTERIOLOGY OF SWISS CHEESE. II. BACTERIOLOGY 
OF THE CHEESE IN THE PRESS 


W. C. FRAZIER, L. A. BURKEY, A. J. BOYER, G. P. SANDERS, 
anD K. J. MATHESON 


Research Laboratories, Bureau of Dairy Industry, U. S. Department of Agriculture, 
Washington, D. C. 


The growth and activity of bacteria in the kettle contents during manu- 
facture of Swiss cheese have been discussed in a previous paper (5). It 
has been shown that of the starter bacteria added to the milk in the kettle, 
only Streptococcus thermophilus grows to any extent in the kettle contents 
and that it causes little or no change in the acidity of the curd and whey. 
This paper will deal with studies on the cheese from the time the curd is 
dipped into the hoop until the cheese has been in the press for 21 hours. 

Other workers have noted the presence of streptococci as well as lacto- 
bacilli in the cheese in the press. Orla-Jensen (7) observed that strepto- 
cocci were active during the first hours the cheese was in the press and 
that the lactobacilli became active later. Thoéni (9) found that cocci 
usually predominate in one day old cheese, but after a short time decrease 
rapidly, while the lactic rods increase and then make up 80 to 100 per cent 
of the flora; in small cheeses the lactic rods were found to predominate, 
even in the fresh mass. Most reported work on bacteria present in cheese 
deals with later stages of ripening. The growth of S. thermophilus and 
L. helveticus Bergey (1934) or L. casei Bergey (1923) in the cheese on 
the press has been referred to in an earlier publication (4) and the resulting 
development of acidity has been demonstrated. 


METHODS 


Samples of the curd were taken by means of a No. 8 cheese trier and 
only that part of the plug four or more inches from the rind of the cheese 
was used for either chemical or bacteriological examination except in special 
experiments. Tests had shown that it was necessary to take samples this 
far from the rind because the outside of the cheese cools more rapidly, 
develops acidity at a greater rate, and has a much higher bacterial count 
than the inside. The one gram sample of cheese curd for bacteriological 
examination was carefully weighed and was ground with sodium citrate 
_by the method described by Burkey (1) : the cheese was placed in a 2} inch 
mortar which had been previously steamed and then cooled to about 50° C. 
To the cheese in the mortar a few cubic centimeters of water at 50° C. 
were added from a sterile 94 ce. water blank. The cheese and water were 
ground together for one minute; 0.2 gram of sodium citrate was added; 
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the mixture was ground until a smooth homogeneous paste was formed; 
and finally the remainder of the water of the 94 cc. blank was added. 
One eubie centimeter of this mixture contained one-tenth of a gram of 
cheese and was used in making further dilutions for microscopical and 
cultural examinations. When slides were to be made, dilutions were made 
in alkaline 50% aleohol and the preparations were fixed and stained by 
Burke’s modification of the Gram method, as described in an earlier paper 
(5). For plate counts of bacteria, tomato milk-powder agar was used; 
citric acid agar was used for counts of aerogenes bacteria, and deep cultures 
in yeast extract-peptone-sodium lactate agar were used to determine num- 
bers of lactate-fermenting bacteria. 

Both types of starter bacteria, the streptococci and the lactobacilli, 
form chains when they increase in numbers. Consequently, an increase 
in numbers would be detected by the microscopic method, by which indi- 
vidual cells can be counted, better than by the plate method, which is based 
on counts of chains or clumps of bacteria. It is true that living and dead 
cells cannot be clearly distinguished by the usual microscopic method. The 
counts, however, were made from preparations stained by the Gram method 
and only the Gram-positive cells were counted. Cells old enough to be 
Gram-negative were considered dead. Any marked increase in numbers 
as determined by this method must be considered significant, while a small 
decrease may mean nothing more than the aging of some of the cells. A 
comparison of counts by the piate method and the direct microscopic 
method, is shown in Table 3. 

In Table 1 a few counts are given of numbers of living bacteria deter- 
mined by the method of Frazier and Boyer (3). Most of the counts 
reported in this paper had been made before this method was developed. 
The counts in Table 1 permit, however, a comparison of results by the 
new and by the usual Gram method and given an idea of how near counts 
of Gram positive organisms are to counts of living organisms. 


RESULTS 


Most of the data here reported were obtained from small experimental 
cheeses of about 50 to 55 pounds, green weight, made at Washington, D. C. 
Results with full-sized cheeses made at the Grove City Creamery, Grove 
City, Pa., will be included in the following paper. 

A number of studies were made in which samples were taken every 
hour or every two hours from the time of dipping through the eighth or 
tenth hour and again at the twenty-first hour. Results indicated that 
samples at 0, 3, 8, and 21 hours gave a good indication of the growth of 
the starter bacteria in the cheese; therefore from most cheese only three 
or four samples were taken. Several workers have shown that bacteria grow 
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in colonies in the cheese curd. Hence the bacterial count on a gram of 
cheese may vary somewhat, depending upon the number and size of the 
colonies in the sample. For this reason the average of results from a 
number of cheeses is used in Figures 1 and 2 Examples of counts on 
individual cheeses are shown in Tables 1, 2, and 3, and it will be noted 
that occasionally a count does not fit well into the general trend of bacterial 
growth. 
TABLE 1 


Numbers of L. helveticus (39a) and S. thermophilus (C,) per gram in a cheese 
in the press 


NOS. OF ORGANIS MS—GRA M STAIN NOS. OF LIVING ORGANISMS 
TIME PH 
39a CG 39a Cc, 
HRs. 
0 6.40 3,000,000 48.000,000 970,000 35,100,000 
1 6.28 3,480,000 36,600,000 1,850,000 15,000,000 
3 5.94 1,500,000 77,100,000 2,660,000 64,000,000 
7 5.35 630,000 231,000,000 2,500,000 190,000,000 
9 5.35 630,000 248,000,000 2,080,000 184,000,000 
11 5.26 11,000,000 248,000,000 11,600,000 187,000,000 
13 5.22 182,000,000 257,000,000 184,000,000 181.000.000 
22 5.06 193,000,000 349,000,000 116,000,000 226,000,000 


TABLE 2 
Numbers of L. bulgaricus (Ga) and S. thermophilus (C,) per gram in a cheese 
in the press 


NUMBERS ORGANISMS 
CHEESE Ga 
HRS 
0 50.7 6.41 1,360,000 116,000,000 
1 50.1 6.24 1,360,000 101,000,000 
3 47.8 5.84 198,000 105,000,000 
5 44.5 5.7$ 1,180,000 83,300,000 
7 42.1 5.59 161,000,000 142,000,000 
9 39.8 5.38 787,000,000 246,000,000 


STARTER BACTERIA 


Figure 1 shows the development of acidity as indicated by changes in 
pH and the growth of the two starter bacteria, S. thermophilus, C, strain, 
and L. helveticus Bergey, 1934, (L. caset Bergey, 1923) 39a strain. The 


data used in plotting the curves up to 9 hours were the average figures 
from a number of experiments. 

Usually S. thermophilus decreased slightly during the first two or 
three hours that the cheese was in the press and then increased at a fairly 
rapid rate until about the seventh hour. 


After this the streptococci in- 
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TABLE 3 
Numbers of starter bacteria and of Aerobacter aerogenes per gram in a cheese and a 
comparison of counts by the plate and direct microscopic methods 


39a | Gas orgs. 39a2 Ce 

Hrs. | 

Before dip 1,350,000 15,800,000 | 36,500,000 650,000 4,700,000 
3 5.88 | 69,300,000 7,000 < 10,000 13,300,000 
5 5.64 | 77,000,000 | <1,000| <10,000| 17,500,000 
9 5.40 | 4,720,000 | 292,000,000 | 200,000 | 117,000,000 
11 5.37 28,000,000 | 323,000,000 | 7,300,000 | 97,000,000 
21 .}| 5.10 | 161,000,000 153,000,000 213,000,000 31,000,000 


* Counts on citrate agar. 
* Counts on tomato milk-powder agar. 


creased or decreased in numbers slowly and were sometimes slightly higher 
and sometimes considerably lower in numbers by the time the cheese was 
21 hours old (Figure 1). In some experiments the numbers of streptococci 
were constant for the first three or four hours and in some increased slowly 
during that time. In most cases there was a rapid increase in numbers 
thereafter until the sixth to eighth hour. In some cheeses there was a 
decrease in the numbers of S. thermophilus after this first maximum, 
followed by an increase to a second and greater maximum. This often 
occurred when a weak lactobacillus culture had been used. In other cheeses 
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the numbers of S. thermophilus decreased gradually and there were com- 
paratively few in the cheese at 21 hours from dipping time. This usually 
happened when an exceptionally active lactobacillus culture had been used. 

As indicated in Figure 1, L. helveticus (39a) usually decreased slowly 
in numbers until about the sixth or seventh hour in the press, after which 
a fairly rapid increase took place. Individual cheeses often showed con- 
siderable variations from the results indicated in Figure 1. The variation 
which may occur in the curve of the development of the starter cultures 
and the pH is indicated in Figures 1 and 2 by duplicate symbols. Although 
39a started to increase in numbers at about the sixth to eighth hour in 
the press when a strong starter culture was used, it usually did not start 
until several hours later when a weak culture was used. In the experi- 
ment shown in Table 1, 39a did not start to grow until about the tenth 
hour and in other cases growth did not start until the eleventh or thirteenth 
hour. The number of 39a organisms after 21 hours varied considerably 
in different cheeses. In some cheeses the lactobacilli apparently did not 
get well started and were low in numbers after 21 hours, while in other 
cheeses large numbers of 39a organisms were present. 

Average figures show a fairly rapid drop in pH of the cheese during 
the first 7 hours in the press and a more gradual decrease thereafter. 
Most of this rapid decrease in pH takes place while only S. thermophilus 
(C,) is present in considerable numbers and is growing. Yet during the 
first three hours in the press the average number of C, organisms present 
is only from 43,600,000 to 63,400,000 per gram. This number of organisms 
seems inadequate to cause the rapid drop in pH which is taking place. 
The increased size of these organisms, as measured under the microscope, 
may be an explanation of this unusual activity. Most of the cocci are three 
to four times as great in diameter and therefore 27 to 64 times as great 
in volume as cells in a culture grown at ordinary temperatures. In ex- 
periments with E. coli, Walker and Winslow (10) found an enormous 
increase in the rate of metabolic activity per cell toward the end of the 
initial lag period. The activity at this time was greater than that during 
the period of stable population and that during the phase of logarithmic 
increase. Later work (11) indicated that the increase in activity per cell 
could be accounted for partly, but not entirely, by the increase in the 
size of the cells late in the lag period, and the decrease in metabolic activity 
per cell during the logarithmic growth phase could be partially explained 
by a gradual decrease in cell size. Hansen (6) found that the fermentative 
ability of a thermophilic lactic organism at 55° was 30 times greater than 
that of S. lactis at 20° C. A further explanation of the above effect 
may be found in the fact that in milk the buffer index is much less when 
the milk is fresh, at pH about 6.6, than when the acidity has increased 
to approximately pH 5.2. Consequently, it may be expected that in the 
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first 3 hours in the press, small amounts of acid can produce relatively 
large changes in concentration of hydrogen ions. 

The pH of the cheese after 21 hours serves as an indication of the 
activity of the lactobacilli in the cheese in the press. In large cheeses when 
the lactobacilli have been active, the pH at 21 hours will be about 5.0 to 5.1; 
if these bacteria were ineffective the pH at 21 hours may be 5.2 or over. 
Likewise the pH of the cheese after 3 hours is an indication of the activity 
of S. thermophilus (C,) in the cheese. A pH value of 6.05 to 6.1 at 3 
hours would indicate that the activity of these streptococci was about 
normal. A pH of 5.6 at 3 hours would indicate great activity of C, and 
a pH of 6.25 somewhat less than normal activity. These pH values will 
depend, of course, on the pH of the kettle milk and of the cheese curd at 
dipping time and should be considered as relative rather than absolute 
values. 

Results at Washington, D. C., with small cheeses of about 50 pounds, 
green weight, indicate that the pH of the curd after three hours in the 
press should be 5.80 or less, and after twenty-one hours 5.15 to 5.30. 
These pH values would be obtained when 8S. thermophilus had been very 
active during the first hours that the cheese was in the press and when 
L. helveticus had been comparatively inactive during the first twenty-one 
hours. The cheeses were made from a mixed Jersey and Holstein milk 
with a pH of 6.5 to 6.6 and a titratable acidity of 0.17 to 0.18 per cent. 
Results were different with large cheeses of the size made in the cheese 
factories. The relationship between pH values of the large cheeses and 
quality of the cheeses after they were cured will be discussed more fully 
in a following paper (No. III of this series). 

Figure 2 shows the pH curve and the growth curves of 8S. thermophilus 
and Lactobacillus bulgaricus Bergey, 1934 (Ga). The curves were made 
from data from a number of cheeses. The culture ‘‘Ga’’ is a lactobacillus 
grown with a mycoderm. This lactobacillus has a higher maximum tem- 
perature than 39a and starts to grow earlier in the cheese. It usually 
begins to inerease in numbers about the 5th hour, but when a weak culture 
is used growth is considerably delayed. The growth of 8S. thermophilus 
in cheese made with the Ga culture is similar to its growth with 39a, 
but average results indicate that C, reaches its maximum later in cheese 
containing Ga. 

Table 2 shows the results from a cheese made with Ga and C, cultures, 
with temperatures of the cheese where the samples were taken. It will 
be noted that Ga did not begin to grow until the temperature was below 
44° C. 39a usually does not begin growth until the temperature falls 
below 438° C. 

The temperature in the interior of large Swiss cheese will drop more 
slowly than in small ones. In a cheese of about 160 pounds, green weight, 
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TIME (HOURS) 
Fie. 2. GrowTH oF L. bulgaricus (Ga) AND S. thermophilus (C,) IN SWIss CHEESE IN 
THE PRESS. AVERAGE RESULTS FROM A NUMBER OF CHEESES. 


after a cooking temperature of 53.3° C. (128° F.), the temperatures six 
inches in from the hoop side were 50.5° C. at dipping time, 50° C. after 
3 hours, 47° C. after 7 hours, and 39° C. after 21 hours. Both 39a and 
Ga begin to grow later in these large cheeses than in the smaller (Wash- 
ington) cheeses. Results of counts on large cheeses at the Grove City 
Creamery showed that the C, organisms were in about the same numbers 
during the early hours in the press as in the smaller Washington cheeses, 
but that the 39a organisms started to grow about two hours later in the 
larger cheeses. A common practice in Swiss cheesemaking is to add cool 
water or whey to the kettle contents just before the curd is dipped out. 
This reduces the temperature of the curd and makes it more like that 
of the curd of freshly dipped small cheeses. 


GAS FORMING BACTERIA 


As has been reported in a previous paper (5) organisms of the 
Escherichia-Aerobacter group are able to grow in the kettle contents during 
the Swiss cheese making process if they are present in large enough num- 
bers in the original milk. That gas forming bacteria of this group are 
able to grow in the cheese in the press and cause ‘‘sounding’’ or even 
bloating is a well known fact. Dorner (2) reports that Bact. aerogenes 
is harmful to Swiss cheese and that Bact. coli is comparatively harmless. 
Similar results have been obtained at the Washington laboratories in 
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experiments in which a culture of Escherichia communior or of Aerobacter 
aerogenes was added to the kettle milk. Both S. thermophilus and L. 
helveticus starters were added to the control cheeses but the streptococcus 
culture was omitted from the test cheeses. Results of the experiments 
with E. communior are shown in Table 4 in which the description of four 
typical pairs of cheeses of the series at time of cutting is given. All of 
the cheeses which received gas organisms but no SN. thermophilus starter were 
gassy or bloated in the press. The results showed that E. communior did 
not harm the cheeses when proper starter cultures were used. Figure 3 


Fic. 3. PaIR OF THREE MONTHS OLD CHEESES MADE AT WASHINGTON, D. C. Upper 
CHEESE RECEIVED S. thermophilus CULTURE; LOWER RECEIVED NONE. Escherichia 
communior HAD BEEN ADDED TO THE MILK FROM WHICH THE CHEESES WERE MADE. 


shows the No. 877 pair of cheeses when cut. In Table 5 are shown the 
results of similar experiments in which Aerobacter aerogenes was used 
instead of E. communior. All cheeses without added S. thermophilus 
were bloated in the press, while cheeses to which this starter had been 
added showed no signs of gas in the cheese in the press. Most of the 
cheeses, however, regardless of the starters added were of poor quality. 
This has been true of all cheeses to which very many A. aerogenes organisms 
have been added, regardless of the starters used and whether or not gas 
production has been suppressed while the cheese was in the press. In all 
experiments at these laboratories it has been possible, by the use of good 
starters, to suppress gas formation which would otherwise result from 
addition of A. aerogenes organisms, but the resulting cheeses have been 
consistently poor in grade. Figure 4 shows a pair of cheeses cut after 
21 hours in the press. Cheese No. 744 received no 8. thermophilus starter 
and was bloated in the press. Table 3 shows typical counts of gas and 
starter organisms in a cheese made from milk to which A. aerogenes had 
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Fie. 4. Parr OF ONE DAY OLD CHEESES MADE AT WASHINGTON, D. C. THE LOWER CHEESE 
RECEIVED S. thermophilus STARTER; THE UPPER CHEESE RECEIVED NONE. Aecrobacter 
aerogenes HAD BEEN ADDED TO THE MILK FROM WHICH THE CHEESES WERE MADE. 


been added. The gas bacteria were high in number just before the curd 
was dipped but decreased rapidly in the cheese and were not found after 
3 hours in the press. 

It has been our experience in cheese factories that the activity of the 
lactobacillus starter is also important in restraining the growth of gas- 
forming bacteria in cheese in the press. At the Grove City Creamery 
the cheeses usually ‘‘sound’’ or show evidences of gas formation when the 
cheese has a high pH value after 21 hours in the press, an indication of 
inactivity of the lactobacillus starter. 

The anaerobic gas-forming bacteria of the Clostridium group do not 
usually grow enough in cheese in the press to cause evident changes at 
that time. Heavy contamination of the milk with spores of these bacteria 
in combination with weak or inactive starter bacteria may cause gas forma- 
tion in the press. Usually the action of these anaerobic gas-formers in 
the cheese takes place later. 


OTHER BACTERIA 


Counts on the propionic acid bacteria, Propionibacterium shermanii, 
show that these organisms do not grow in the cheese in the press and 
in fact may decrease slightly in numbers. Other lactate-fermenting bac- 
teria are able to grow in cheese in the press, however, and under some con- 
ditions may be present in large numbers 21 hours after dipping. It was 
reported in a previous paper (5) that some of these organisms can grow 
in the kettle contents. Some of them can grow still better in cheese in 
the press. Counts of tetracocci and of rod-shaped bacteria of the Lacto- 
bacillus casei Bergey, 1934, (Bacillus casei q v. Freudenreich) type in a 
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large number of cheeses showed that the tetracocci increased from 6,000— 
70,000, average 10,000 per cubic centimeter, in the kettle milk to 10,000— 
1,000,000, average 100,000 per gram, after 21 hours in the press. These 
tetracocci resemble those described by Orla-Jensen (8) and by him given 
the genus name of Tetracoccus. These organisms will be discussed in more 
detail in a following paper. When these bacteria are added to the kettle 
milk they sometimes reach large numbers in cheeses after 21 hours in 
the press. As many as a billion tetracocci or L. casei organisms per gram 
have been found in individual cheeses. 

The growth of 8S. lactis is stopped by cooking temperatures in the 
kettle, as was shown in a previous paper (5). Counts of these organisms 
in the press show that even if they are present in large numbers when 
the curd is dipped they decrease rapidly in numbers during the early 
hours of the cheese in the press and are few in number at the end of 21 
hours. 

Organisms of the Lactobacillus lactis Bergey, 1934, and Lactobacillus 
longus Bergey, 1934, types were seldom found in the cheese in the press 
and then usually when unsterilized kettle whey had been used as a starter. 
As many as a billion of these organisms per gram have been found in 
21-hour old cheese made with unsterilized whey starter. These cheeses 
were all of poor grade when cut. 


DISCUSSION 


It is evident that both Streptococcus thermophilus and a lactobacillus 
starter are important in cheese in the press. The streptococci are needed 
to produce an increase in acidity during the first hours in the press. Their 
action is almost complete after about eight hours and, unless the lacto- 
bacillus starts to grow at or before this time, opportunity is given for 
the growth of undesirable bacteria. An effective lactobacillus culture will 
continue to inerease the acidity and bring the pH value of the cheese 
down toward 5.0 as a minimum. 

Experiments reported in this paper have shown that a good SN. thermo- 
philus starter will suppress gassiness or bloating of the cheese in the press. 
Experience has shown that an effective lactobacillus starter is also necessary 
to keep down the gas-forming bacteria. A culture like Ga which starts 
to grow earlier than the 39a culture, and which causes a more rapid de- 
velopment of acidity in the cheese would be a more effective starter organ- 
ism for combatting gas than 39a. Too rapid a production of acid in 
the cheese in the press, however, is harmful to the quality of the ripened 
cheese as will be shown in a following paper. Consequently, the addition 
of large amounts of starter may suppress gas formation in the cheese in 
the press but may cause other defects in the cheese. As has been stated 
above, the presence of large numbers of A. aerogenes bacteria in the kettle 
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milk usually foretells a cheese of poor quality, even when the gas forma- 
tion in cheese in the press has been inhibited. Efforts must be made to 
keep the numbers of A. aerogenes in milk at a minimum if cheese of good 
quality is to be made. 

The maximum acidity attained by the cheese in the first day is of im- 
portance in determining the fermentation which will take place subse- 
quently in the cheese. If acid production has been too rapid during the 
first hours in the press, as indicated by a rapid drop in pH values of 
the interior of the cheese and too rapid drainage, then the pH at 21 hours 
will usually be high. The acidity of this cheese will never become as great 
as it should and, as a consequence, eyes will probably form too early and 
in too great numbers and the cheese will become overset. If, on the other 
hand, the early acid production is too slow, which tends to result in slow 
or insufficient drainage, the acidity of the interior of the cheese at 21 
hours is likely to be high; in such a case eye formation will be delayed 
and the eyes may be too few, too small, or even absent (‘‘blind’’ cheese). 
The regulation of the growth and action of the starter bacteria in the 
cheese in the press affords a means of controlling to a great extent the 
changes in the cheese both in the press and later in the curing rooms. 
It must be realized, of course, that proper use of starters will not correct 
defects due to poor milk, incorrect manufacturing methods, or improper 
care in the cellars. 


SUMMARY 

A study has been made of the bacteriology of Swiss cheese from the 
time the curd was dipped from the kettle until 21 hours later. 

Small cheeses with a green weight of about 55 pounds were used in 
most of the experiments, but results have been compared to those with large 
cheeses. 

A summary of results showed : 

S. thermophilus usually started to grow within three or four hours 
after dipping and increased in numbers rapidly until the sixth or eighth 
hour. Thereafter the increase in numbers was slow and in some cases the 
numbers decreased gradually until the twenty-first hour. 

L. helveticus (39a) usually decreased slowly in numbers until about the 
sixth to eighth hour in the press and then increased at a fairly rapid rate. 
The numbers after 21 hours were high with an active starter and low with 
a weak one. 
~ LL. bulgaricus (Ga) usually decreased in numbers until about the fifth 
hour after dipping when a rapid increase in numbers took place. 

The pH of the cheese usually dropped more rapidly during the first 
seven or eight hours than during the later hours. This early drop in pH 
evidently was due chiefly to the action of the S. thermophilus organisms 
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present. Most of the cells of 8S. thermophilus had a diameter 3 or 4 times 
and a volume approximately 27 or 64 times as great as that of cells grown 
at ordinary temperatures. This is one explanation for the large fermenta- 
tive activity per cell during the first hours of the cheese in the press. More- 
over, small amounts of acid can produce relatively large changes in pH 
during the early hours in the press, since the buffer value is relatively 
small in the early pH range. 

The pH of the cheese at three and at twenty-one hours after dipping 
may serve as an indication of the effectiveness of the S. thermophilus 
and lactobacillus starters, respectively. The relative change in pH is more 
significant than the actual pH value. 

The action of S. thermophilus is about the same in large cheeses as 
in small, but the growth and action of the lactobacillus cultures usually 
begin an hour or two later in the larger cheeses, beeause the interior cools 
more slowly than in smaller cheeses. 

Gas formation and growth by either Escherichia communior or Aero- 
bacter aerogenes can be suppressed in cheese in the press by use of active 
starters. If A. aerogenes has been present in large numbers in the kettle 
contents, however, a poor quality cheese will probably result. 

Propiombacterium shermanii did not grow in cheese in the press. Bae- 
teria of the tetracoecus or Lactobacillus casei types usually increased in 
numbers, if present, and under some conditions attained large numbers by 
the twenty-first hour. 

C. lactis died off rapidly in cheese in the press. Organisms of the 
Lactobacillus lactis and Lactobacillus longus types were able to grow 
rapidly but usually were not present in large numbers. 
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INFLUENCE OF SEASON AND ADVANCING LACTATION ON 
BUTTERFAT CONTENT OF JERSEY MILK 


R. B. BECKER anp P. T. DIX ARNOLD 


Florida Agricultural Experiment Station, Gainesville 


INTRODUCTION 


Environment and stage of lactation are two factors affecting the fat 
content of cow’s milk. The environmental conditions in Florida—seasonal 
ranges in temperature, distribution of rainfall and length of grazing 
season—differ from those of other latitudes. Because of these differences 
in environment, it was desirable to study the variations in the fat content 
of cow’s milk in this latitude. 


THE STATION HERD AND ITS ENVIRONMENT 


The dairy cattle owned by the Florida station are located at Gainesville, 
in the center of the north end of the Florida peninsula, some sixty miles 
from the Atlantic Ocean and from the Gulf of Mexico, at an altitude of 
about 176 feet above sea-level, between 29° and 30° North latitude. The 
temperatures from 1917 to 1932, inclusive, ranged from an average mean 
minimum of 46.5° F. in January, to a mean maximum of 90.7° in August. 
An average annual rainfall of 51.03 inches was reported at Gainesville 
during these years, of which 27.65 inches fell during June to September, 
inclusive. The dairy herd always has been limited in numbers of cows. 
The dairy barn has 36 stanchions, which seldom were all filled. During the 
earlier years, some high grade Jerseys were in the herd, but were replaced 
with registered Jerseys in the course of time. 

Cows have grazed over the same pasture during this period of years. 
They were allowed access to pasture daily throughout the year, in the 
majority of seasons, and were stabled in an open barn only during the 
milking hours. Silage was fed to supplement pastures, almost to the exelu- 
sion of hay, prior to 1929. Since 1929, a very limited amount of alfalfa hay 
was fed to the higher producing cows. Feeding practices were reasonably 
uniform otherwise, except with regard to mineral supply, as was pointed 
out in Florida station technical bulletin 262. 


REVIEW OF LITERATURE 


The seasonal influence on butterfat content of milk was observed by 
Eckles (2) to be independent of feeding practices. ‘‘The tendency is for 
the tests to reach the low point in early summer, usually June, and the 
highest point in December or January.’’ He (4) stated later that ‘‘The 
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effect of the season is apparently the result of weather conditions, especially 
heat and humidity. . . . during a period of hot, humid weather the per- 
centage of fat is depressed, while if the conditions are . . . dry and cool, 
the test is increased.’’ With cows fed mainly on alfalfa hay, Headley (8) 
observed the high average butterfat test in November and the low test in 
July. He stated that ‘‘These results show conclusively that the fat content 
of milk varies with the season, regardless of the kind of ration used.”’ 
Baker and Cranfield (1) in a study conducted at milk depots in England, 
found the highest test in November, and the low average test in June. 
Hittcher (10) in a study of milk of 16 Holstein cows, noted that in all 
eases there was a rise in butterfat content of the milk in the month of 
September, probably due to environment. 

Ragsdale and Brody (13) observed 10 cows over 41 days (March 13 to 
April 22) at the Missouri station. With mean daily temperature ranges 
between 27 and 70° F., there was a depression of almost 0.2 per cent in 
the average fat content of the milk, for an increase of 10° F. between the 
observed temperatures. Hays (7) noted a depression of 0.079 per cent fat 
per 10 degrees rise in mean temperature over 258 days, from January, 1924, 
when the entire Missouri station dairy herd was studied under uncontrolled 
conditions. With two Jersey cows kept in rooms with temperatures main- 
tained more uniformly over periods of about one week duration, the average 
depression of 0.095 per cent in fat test per 10 degrees rise in temperature, 
was noted in seven trials between 27 and 92.7° F. In the temperature 
range between 27 and 72.5 degrees, an average depression of 0.189 per cent 
fat occurred for each 10 degrees depression in temperature. Above 70° F., 
an unexpected rise in fat test occurred, perhaps attributable to an increased 
rate of metabolism with the higher temperature. Temperature, Hays con- 
cluded, is a major factor in the seasonal variation in percentage of fat in 
cow’s milk. 

Weaver and Matthews (17) analyzed one year’s records of dairy cows 
at the Iowa station, and calculated by application of regression equations 
that for each degree of increase in atmospheric temperature outside the 
dairy barn the fat percentage in Ayrshire milk was decreased 0.0017 per 
cent; in Guernsey milk, 0.0103 per cent; in Holstein milk, 0.0063 per cent; 
and in Jersey milk, 0.0066 per cent. 

It is generally recognized that milk tends to become richer in fat as lae- 
tation advances. However, this increase is not continuous from date of 
calving. Breeds differ as to duration of an interval following parturition, 
during which a high butterfat test occurs temporarily, this period usually 
being one-half to three months in length. Eckles and Shaw (4) state that 
‘*The per cent of fat on the average, declined during the first three months, 
followed by a period of 4 or 5 months with but little change. From this 
point a rapid increase was found to the end of the lactation period.’”’ 
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Hills (9) studied 30 private herds in Vermont, and additional lactation 
records from herds in Minnesota and New York. He reported that, in 
general, changes in the fat tests were inverse to changes in temperatures. 
Also, that the lowest fat tests with two-thirds of the cows, oceurred within 
2 to 4 months after calving, and the highest tests after the seventh month 
of lactation. Hogstrom (11) studied 822 lactations, principally by Ayr- 
shire cows, and found that after omitting the colostrum period, the percent- 
age of fat was higher the first month, then decreased until the third month, 
when it reached the minimum. From there, the butterfat tests increased 
gradually, attaining the maximum at the close of lactation. Speir (16) 
reported that the highest fat content of the milk from a group of almost 
400 Ayrshire cows was during the first week after calving, and that the 
lowest average test was during the fourth week, followed by a gradual 
increase to the end of the lactation. Linfield (12) tabulated the lactations 
of 16 cows of several breeds in the Utah station herd, and concluded that 
the percentage of fat decreased slightly in the second month, then gradually 
increased until the ninth month, after which the rate of increase was more 
rapid, until the end of the lactation. 

Eckles (3) pointed out from a study of 3,154 lactations representing 
several breeds of dairy cows, that there was a slight decline from the first 
to second month after calving, followed by a gradual increase to the twelfth 
month. Moreover, he stated that ‘‘. . . the seasonal influence modified the 
variation in fat content of milk materially, and in fact is a greater force 
than stage of lactation, except for the rapid increase as the cow is going 
dry.”’ 


EXPERIMENTAL METHODS AND RESULTS 


From the Florida station herd, 293 lactations were obtained by registered 
Jersey cows. The cows were milked twice daily, and butterfat tests had 
been made at seven or more monthly intervals during each lactation. The 
preceding calf had been dropped normally, and no illness or other condition 
was known which might have an abnormal effect upon lactation. 

The 293 lactations were assembled into groups according to the month 
in which the cows freshened. These groups ranged from 15 cows that 
ealved during May, to 40 during October. The average fat tests were 
determined by months for each group. All fat determinations had been 
made by the Babeock method. The number of monthly butterfat tests 
ranged between 219 in September and October, and 266 during March. 
These group averages were assembled in such a manner as to show the 
calendar month of each test, as well as the number of months after calving, 
giving the group averages equal weighting. 

The method of arranging average butterfat tests in 144 cells (twelve 
rows of cells for calendar months and twelve rows for the successive months 
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after calving) for an analysis of variance (15) gave an even distribution of 
seasonal influence throughout one arrangement of the data. By this method 
the row of cells for the first month after calving included data from groups 
of cows in the first to twelfth months of lactation. When the influence of 
stage of lactation was spread evenly throughout one set of columns, the 
purely seasonal influence was measured more exactly by the series of means 
for each column of data. Likewise, seasonal influence in turn was dis- 
tributed evenly while the measurements regarding advance in lactation were 
being made. Such an analysis is shown in table 1, for the average butter- 
fat tests of these 293 lactations. 

In general, higher butterfat tests were associated with the cooler months 
of the year, and the lower tests with the warm summer months. An average 
of 5.46 per cent butterfat in December contrasts with a low of 4.76 per cent 
in August. 

Advancing lactation with these Jersey cows was seen to result in the 
lowest average tests during the second month after calving, with a gradual 
increase up to 5.55 per cent in the twelfth month. These average fat tests 
are shown in table 1. The actual seasonal range in fat percentages was 
0.704 per cent (from 5.464 to 4.760), in contrast with 0.961 per cent (from 
5.555 to 4.594) with advancing lactation, as depicted in figure 1. This 
suggests that under the relatively uniform climatie conditions of the Florida 
peninsula, the physiological factors exert a greater influence upon fat per- 
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Fig. 1. THE AVERAGE BUTTERFAT PERCENTAGE IN JERSEY MILK, FROM A STUDY OF 
293 RECORDS, INCREASES GRADUALLY FROM THE SECOND MONTH TO THE CLOSE OF LACTA- 
TION. IN PENINSULAR FLORIDA, THE SEASONAL TREND IN BUTTERFAT PERCENTAGE VARIES 
INVERSELY WITH THE TEMPERATURE, BEING HIGH IN WINTER AND LOW IN SUMMER. 
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centage in the milk of Jersey cows than do the environmental (seasonal) 
factors. 


STATISTICAL SIGNIFICANCE 

Fisher’s ‘‘Z’’ test (6) as modified by Snedecor (15), was used to test 
for significant contributions to variance in butterfat percentages in Jersey 
milk by season of the year and advancing lactation. The ratio of the 
between-month-after-calving mean square to the remainder mean square is 
25.76: 1. The ratio of the between-calendar-months mean square to the 
remainder mean square is 15.24:1. These two ‘‘F’’ values are much 
greater than the ‘‘F’’ values for the point of one per cent probability, as 
given in Snedecor’s tables of ‘‘F’’ values. Both are highly significant. 
The ranges in fat percentage between months after calving are seen to be 
more highly significant, and of greater magnitude, than those for different 
calendar months. These relationships are shown in table 2. 


TABLE 2 
Contribution of month-after-calving and of calendar-month to total variance in 
percentages of butterfat in the milk of Jersey cows 


SOURCE OF VARIATION | VALUE 
Total a 144- 1=143 30.832800 
Between months 

after calving ...... 12- 1= 11 | 15.272347 1.38839518 25.762 
Between calendar 

months .......... li 9.039401 .82176373 | 15.248 
Remainder 11 x11=121 6.521052 .05389299 


TEMPERATURE AFFECTS FAT PERCENTAGE 


Meteorological data from the observatory of the United States Weather 
Bureau were assembled for the same period of years over which the butter- 
fat records were obtained. The mean maximum and mean minimum tem- 
peratures were averaged, as shown in table 3, and used in analysing the 
relative influence of temperature upon butterfat percentage in the milk of 
Jersey cows. The method of analysing the butterfat percentages, as previ- 
ously described, permitted the data used here to be practically independent 
of modifying influences due to advancing stage of lactation. 

Between the range of 57 and 81° F., average mean temperatures for the 
different calendar months, there was a spread of approximately 0.70 per 
cent butterfat in the milk of these Jersey cows. Ezekial’s formulae 8, 9 
and 10 (5) were applied to these data, on the assumption that within this 
range of temperatures, the variation in fat percentage was a straight line 
function. For each increase of 10° F. between 57° and 81°, a decrease of 
0.31 per cent fat was found. The results of this analysis are shown in 
figure 2, which is based upon data given in table 3. 
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Fig. 2. ASSUMING THAT THE CHANGE OF BUTTERFAT PERCENTAGE WITH TEMPERATURE 
IS A STRAIGHT LINE FUNCTION WITHIN CERTAIN LIMITS, IT WAS CALCULATED FROM JERSEY 
BUTTERFAT TESTS ACCUMULATED OVER 16 YEARS, THAT A DECREASE OF 0.031 PER CENT FAT 
OCCURRED PER DEGREE INCREASE IN TEMPERATURE BETWEEN 57 AND 81°. 


It may be mentioned in this connection that Hays (7) suggested from a 
study of fewer records of animals under more closely observed tempera- 
tures, but with the influence of advancing stage of lactation only partially 


TABLE 38 
The relationship between mean temperatures, average rainfall and monthly butterfat 
percentages in Jersey milk at Gainesville, Florida, 1917 to 1932 


MONTH 


January 
February 
March 
April 
May 

June 

July 
August 
September 
October 
November 
December 


MBEAN TEMPERATURE 


N 


faximum | Minimum 

degrees degrees 
68.7 46.5 
71.7 48.7 
75.4 52.8 
81.4 57.4 
86.5 | 62.5 
89.7 68.8 
90.6 70.8 
90.7 70.8 
89.0 69.1 
82.9 | 61.2 | 
746 | 51.4 
69.5 47.6 


AVERAGE AVERAGE 
RAINFALL BUTTERFAT 
Average INCHES PERCENTAGE 
degrees 
57.6 3.15 5.33 
60.2 2.83 5.27 
64.1 3.62 5.17 
69.4 3.23 5.03 
74.5 | 3.46 4.80 
79.25 6.96 4.83 
80.7 9.07 4.81 
80.75 6.26 4.76 
79.05 5.36 4.92 
72.05 2.56 5.06 
63.0 1.94 5.44 
58.55 2.59 5.49 
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eliminated, that a curvilinear function may appear at some point between 
70 and 90° F. 


SEASON AND STAGE OF LACTATION, AS RELATED TO BREED AND LOCALITY 


A search of the literature yielded six sets of butterfat tests from the 
Missouri (2, 14), Iowa (2) and Tennessee (18) stations and Sweden (11) 
in such form that the same method of analysis could be applied for varia- 
tions due to season and stage of lactation. These data were for the Ayr- 
shire, Guernsey, Holstein and Jersey breeds and for one large group of 
mixed breeds. A comparison is shown in table 4, of the results obtained 
by applying this method of analysis of variance to the data from these 
sources. 

It may be noted that, in general, the low average butterfat test occurred 
during the second month after calving, with Holsteins, Guernseys and 
Jerseys, and in the third month with Ayrshires. 

The low butterfat tests in the northern hemisphere occurred during the 
summer—June, July, or August. High tests were during the winter months 
of November, December, or January. The general trends of butterfat tests 
through the seasons and with advancing lactation under the Florida 
environment, are shown in figure 1. 

Thus the general trends in fat percentage in the milk of Jersey cows in 
Florida are similar to those noted with the other breeds in more northerly 
latitudes. The magnitude of the variations in other latitudes differed with 
the several breeds, being greater as a rule with the breeds having a typically 
higher percentage of butterfat in the milk. In each instance where the 
records of a single breed were involved the range in variation of fat per- 
centage, due to advance in stage of lactation, was significantly greater than 
that due to season of the year, as seen in the corresponding ‘‘F’’ values in 
table 4. Stating these results in other words, environment exerted less 
influence upon the fat percentage in cow’s milk than did the internal or 
physiological factors due to advance in stage of lactation. 

The only exception to the above generalization, seen in the groups of 
data analysed in table 4, is that of 240 records representing mixed breeds 
at the Missouri and Iowa stations. It is believed that the few numbers 
representing certain breeds, and the uneven distribution of the breeds 
within each cell, were sufficient to render the relative influences inconclusive 
because of the unequal weighting of breeds. Even in this instance, the fat 
percentages tended to follow the general trends of variation according to 
season and stage of lactation, as noted in the separate breed groups. 


DISCUSSION OF RESULTS 


The butterfat content of Jersey milk ranged, with advancing lactation, 
between 4.594 per cent in the second month after calving, and 5.555 per cent 
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in the twelfth month after calving. The range for seasonal influence was 
between 4.760 per cent in August, and 5.464 per cent in December. By 
statistical analyses, these influences were measured separately in another 
way, by which the ‘‘F’’ values for variance were found to be 25.76 for 
between-months-after-calving, in contrast to 15.24 for between-calendar- 
months. (‘‘Variance’’ is a term used by Fisher to denote the square of 
the standard deviation.) The arithmetical and analytical measures both 
indicate that the magnitude of physiological or internal influences affecting 
fat percentage in Jersey milk are appreciably greater than those exerted 
by the average external influences of environment existing in Florida. 
This observation is in accord with our analyses of the data obtained from 
separate breeds studied in more northerly latitudes. 


SUMMARY AND CONCLUSIONS 


The seasonal trend in fat percentage in the milk of Jersey cows in the 
more uniform environment of Florida was found to vary almost inversely 
with temperature. The lowest average butterfat tests occurred as a rule in 
August and the highest in December. 

The average test of Jersey milk in the first month after calving was 
4.605 per cent, dropped to 4.594 in the second month, and then increased 
steadily to the twelfth month. 

Advancing lactation exerted a greater influence than did season of the 
year upon the percentage of fat in the milk of Jersey cows. 

An average increase of 10° F. between monthly mean temperatures of 
57° and 81° resulted in an average decrease of 0.31 per cent butterfat in 
Jersey milk, in a study of records obtained over a 16-year period. 
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BEHAVIOR OF CASEINATE SOLS IN A STUDY OF A HYS- 
TERESIS-LIKE PHENOMENON IN THE RENNET 
COAGULATION OF HEATED MILK* 


MILTON E. POWELL anp L. 8. PALMER 
Division of Agricultural Biochemistry, University of Minnesota, St. Paul 


It is commonly known that heated milk does not react normally with 
rennet. That heat treatment is not always detrimental was first observed 
by Stassano and Talarico (1), who noticed that milk heated to 65° C. 
coagulates more rapidly than raw milk. Similar observations were made 
by Rupp (2), and Mattick and Hallett (3), the latter investigators also 
observing an apparent hysteresis-like phenomenon.t They found that 
when milk is heated for 30 minutes at 105° F. to 141° F. and rapidly cooled 
to 84° F. the first effect is increased coagulability, but the milk gradually 
loses coagulability as the interval between heating and addition of rennet 
lengthens. When the milk is heated above 145° F. the loss of coagulability 
is immediate and continues to increase as rennet addition is delayed, reach- 
ing a maximum after 5 hours. Moir (4) made a similar observation with 
flash pasteurized milk. 

As Hammarsten (5) early demonstrated that only the calcium caseinate 
and calcium phosphate systems in milk are involved in the clotting by 
rennet, it appeared feasible to employ these two components as an artificial 
‘‘milk’’ in the study of the hyteresis-like phenomenon of heated milks. 
It was hoped that some evidence could be secured as to the analogous frac- 
tion in natural milk responsible for the different behavior of heated milks 
toward rennet. 


COAGULABILITY OF HEAT-TREATED CALCIUM CASEINATE-COLLOIDAL 
CALCIUM PHOSPHATE ‘‘ MILKS’’ 


All of the ‘‘milks’’ were prepared to contain 2.5 per cent casein in order 
to approximate the quantity of casein in natural milk. The casein was 
prepared by the method of Van Slyke and Baker (6) as refined by Van 
Slyke (7). The concentration of calcium associated with the casein can 
be varied through a wide range as Porcher (8) has shown. By assuming 
that casein is combined with 1.15 per cent Ca at the pH of milk {Palmer 
and Richardson (9) | and that casein contains 0.85 per cent P [Hammarsten 

Received for publication March 4, 1935. 

\ *Condensed from the thesis of Milton E. Powell submitted in partial fulfillment of 
the requirements for the degree of Ph.D., University of Minnesota. All pertinent data 
are available in the Division of Agricultural Biochemistry, University of Minnesota. 
7. per No. 1338, Journal Series, Minnesota Agricultural Experiment Station. 

1 Hysteresis is a term applied to colloidal systems that react according to the past 
treatment which they have received. 
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(10), Lehmann (11), Van Slyke (12) ] the data on Van Slyke and Bosworth 
(13) may be recalculated to show that on the average 30 per cent of the 
total P and 43 per cent of the total Ca in natural milk oecurs as colloidal 
mineral compounds. However, in the preparation of the artificial ‘‘milks’’ 
only about 77 per cent of these quantities were used, otherwise the system 
would coagulate spontaneously when warmed to 40° C. 

The calcium caseinate-colloidal calcium phosphate complexes were pre- 
pared by triturating the casein in a small quantity of clear limewater; 
subsequent small additions of limewater were made until a thin paste was 
formed, whereupon a sufficient amount was then added to prepare an 
alkaline easeinate of pH about 10.5. After allowing this solution to stand 
for about an hour to insure complete peptization of the casein the pH was 
reduced to that of natural milk by the slow addition of 0.6 per cent H,PO, 
solution from a eapillary-tipped pipette extending beneath the surface 
while the liquid was rapidly agitated by a motor driven stirrer. After 
dilution to the required volume with distilled water the ‘‘milk was aged 
for 14 hours at 5° C. The following data illustrate a typical ‘‘milk’’: 
25 gm. casein, 860 ee. clear limewater, 85 ee. H,PO, solution, 65 ec. H,O; 
pH 6.65. Eight different lots of ‘‘milk’’ were prepared by this method. 

Later another method of preparation was adopted in which the pH did 
not exceed the limits of normal milk at any time. These systems produced 
coagulation curves similar to those prepared as above. A 5 per cent calcium 
caseinate sol was first prepared by triturating the casein in the usual way 
and adding sufficient limewater to produce a pH comparable to natural 
milk. After diluting the sol to about a 5 per cent casein content it was 
aged 14 hours at 5° C. Next a predetermined amount of limewater and 
0.6 per cent H,PO, solution were slowly added simultaneously to the 
mechanically stirred caseinate sol from capillary-tipped pipettes. The acid 
solution was first diluted with sufficient distilled water to increase the com- 
plete complex to the desired volume. An example is 25 gm. casein, 345 ee. 
clear limewater, 150 ec. water; pH 6.72. To this aged sol were then added 
as deseribed 300 cc. clear limewater, 65 cc. of 0.6 per cent H,PO, solution 
diluted with 140 ce. distilled water; pH 6.70. The ‘‘milk’’ was aged 14 
hours at 5° C. before using. 

Since only heat-treated portions not coagulated by the heat treatment 
itself were desired a sample of each ‘‘milk’’ was heated at 85° C. or higher 
for 10 minutes, cooled and observed in an ultramicroscope. Any clustering 
observed in the collodial suspension could usually be prevented by a short 
dialysis of the unheated ‘‘milk.’’ The heating of the artificial ‘‘milks’’ 
was carried out as follows: Two portions of each ‘‘milk’’ were placed in 
loosely stoppered flasks; one flask was rapidly heated in a water bath to 
60° C., the other to 85° C. and maintained at the respective temperatures 
for 30 minutes. Both portions were then promptly cooled to 35° C. and 
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samples removed for immediate coagulation; the remainder was cooled to 
approximately 20° C. Samples of the latter were tested for rennet coagula- 
bility at 40, 70 and 130 minute intervals after the end of the heating period. 
All coagulation tests were made at 40° C. 

As a result of the heat-treatment at 60° C. and 85° C. the pH of the 
‘‘milks’’ decreased slightly, the greatest lowering always occurring in the 


Fig. 1. Electrically heated and controlled water bath in which all samples were 
coagulated. 


portion heated at 85° C. However, in no case was the decrease greater 
than pH 0.05 and usually only pH 0.03 as the typical example in Table 1, 
Exp. A indicates. In occasional experiments pH measurements were made 
on the control and the heated portions at the beginning and again at the 
completion of the experiment. Data are given on this point in the following 
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typical example, the first values given being the initial pH and the second 
the pH two and one-half hours later, at the completion of the experiment: 
unheated caleium ecaseinate-phosphate ‘‘milk’’ pH 6.70 and 6.70; after 
heating to 60° C. pH 6.66 and 6.662; after heating to 85° C. pH 6.65 
and 6.65. 

Fig. 1 shows the electrically heated water bath in which all samples 
were coagulated. In this figure are visible the thermo-regulator, heating 
element, stirrer and the series of copper tubes containing the 100 ce. glass 
coagulation tubes. The latter are fitted with glass-tipped rubber tubing 
that will extend through an opening in the bottom of the bath; also a rubber 
stopper that will close the opening in the bottom of the bath thus per- 
mitting a water contact between the glass and copper tubes. Each tube 
is closed with a screw clamp close to the bottom of the bath. 

Fifty ce. samples of ‘‘milk’’ were pipetted into the coagulation tubes 
5 minutes before the rennet was added; a predetermined amount of CaCl, 
solution was put in next and the mixture stirred occasionally. As soon 
as the ‘‘milk’’ had reached the temperature of the bath rennet was added, 
a stop-watch started and the mixture stirred for 30 seconds. The quantities 
of CaCl, solution and rennet? were adjusted to cause coagulation of the 
unheated controls in 3 to 5 minutes; these same quantities were added to 
the heated portions. The screw clamp was opened slightly at the end of 
3 minutes and a fine stream of ‘‘milk’’ allowed to run into a glass beaker. 
As soon as flakes of curd were visible on the side of the beaker the watch 
was stopped and the coagulation time recorded. All experiments were car- 
ried out in duplicate. 

With some of the unheated ‘‘milks’’ the concentrations of CaCl, solution 
and rennet employed produced merely a coagulation within the desired 
time whereas with others the ‘‘milk’’ clotted although no attempt was made 
to insure clots. The diluted rennet solution was held in very cold water 
so as to reduce inactivation to a minimum. A typical coagulation curve 
of a heat-treated calcium caseinate-phosphate complex is shown in Fig. 2A. 
The curve indicates that this system exhibits a hysteresis-like phenomenon 
when heated to 60° C. and 85° C. The pH of the original ‘‘milk’’ was 
6.82 ; after heating to 60° C. pH 6.80 and after heating to 85° C. pH 6.785. 

Effect of Heat-treatment on Casein.—According to Marui (14), the 
effects of heating caseinate solutions are not deep-seated, for he prepared 
an artificial ‘‘milk’’ which coagulated normally with rennet by using casein 
isolated from a caseinate solution which had been boiled. We performed 
a similar experiment. A calcium caseinate-phosphate ‘‘milk’’ was first 
prepared using 100 gm. casein, 3600 cc. clear limewater, 300 ec. 0.6 per cent. 
H,PO, solution; final volume 4000 ec., pH 6.61. This ‘‘milk’’ required 


2 Hansen’s Liquid Cheese Rennet was used as a stock solution. 
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Fic. 2. A. Typical coagulation curves of a calcium caseinate-colloidal calcium phos- 
phate ‘‘milk’’ coagulated at intervals after heating at 60° C. and 85° C. for 30 min. 
B. Typical coagulation curves of mixture of calcium caseinate and colloidal caleium phos- 
phate sols coagulated at intervals after heating at 60° C. and 85° C. for 30 min. 


dialysis before it would withstand boiling without showing clustering in 
the ultramicroscope ; the pH after dialysis was 6.80. The product was next 
held in a boiling water bath for 30 minutes, cooled and aged 14 hours at 
5° C. The casein was then isolated by the method of Van Slyke and Baker 
(6) and Van Slyke (7). Using this casein a new calcium caseinate-phos- 
phate ‘‘milk’’ was prepared with 26.5 gm. casein, 950 ce. limewater and 
76 ec. 0.6 per cent H,PO, solution; final volume 1060 ec., pH 6.72. A 
boiled sample was free from ultramicroscopie clustered particles. The 
coagulation times of the control and portions heated to 60° C. and 85° C. 
are given in Table 1, Exp. A, and show the same general trend as the 
**milks’’ shown in Fig. 2. 


COAGULABILITY OF MIXTURES OF CALCIUM CASEINATE 
AND COLLOIDAL CALCIUM PHOSPHATE SOLS 


A representative calcium caseinate sol was prepared by triturating 25 
gm. casein in 422 ec. clear limewater. A dense milky sol resulted which 
was diluted to 500 ce. with distilled water; final pH 6.75. A colloidal cal- 
cium phosphate sol was prepared by dissolving 5 gm. of high grade gelatin in 
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TABLE 1 
Effects of heating various artificial ‘‘ milks’’ on their coagulation with rennet 
7 T COAGULATION TIME AT VARIOUS PERIODS 
EXP. TYPE OF FRACTION HEATING PH or AFTER HEATING 
NO. SYSTEM HEATED TEMP. HEATED 
— 0 101 40 70 130 | 199 
°C. | min. | min. | min, min. | min. min. 
A. Caleium Entire Unheated 6.72 3:20 3:19 
Caseinate- | ‘‘ Milk’’ 3:23 
Phosphate 60 6.70 3:14 | 3:20 | 3:35 | 3:41 
3:15 | 3:28 | 3:38 | 3:44 
85 6.69 5:00 | 5:34 | 5:50 | 6:20 
5:05 | 5:35 | 5:51 | 6:23 
B. Calcium Caleium Unheated 6.72 , 4:00 3:54 
Caseinate Caseinate | | 4:01 3:58 
Caleium 60 6.71 4:06 3:58 | 3:50 
Phosphate } 4:00 3:55 | 3:47 
Mixture 85 6.70 4:03 3:57 | 3:53 
4:06 4:00 | 3:55 
C. Caleium Calcium | Unheated 6.60 4:49 4:55 
Caseinate | Phosphate (6.69)? 4:50 
Caleium 60 5.94 5:00 4:56 | 5:00 
Phosphate (6.59)? 5:00 5:02 | 5:04 
Mixture 85 5.71 4:29 4:26 | 4:23 
(6.55)? 4:24 4:22 | 4:22 
D. Caleium Entire | Unheated 6.70 4:02 4:04 
Caseinate Sol 4:05 4:06 
60 6.70 4:05 | 4:05 | 4:10 | 4:12 
| 4:07 | 4:05 | 4:06 | 4:07 
85 6.70 4:15 | 4:18 | 4:15 | 4:17 
4:15 | 4:15 | 4:19 | 4:18 
E. Caleium Entire Unheated 6.75 4:20 4:22 
Caseinate- | ‘‘ Milk’’ 4:21 4:21 
Arsenate 60 6.72 4:02 | 4:11 | 4:14 | 4:10 
3:59 | 4:12 | 4:15 | 4:10 
85 6.73 4:00 | 3:49 | 3:45 | 3:45 
| 3:55 | 3:50 | 3:46 | 3:44 
F. Caleium Entire | Unheated 6.84 | 3:45 3:45 
Caseinate- | ‘‘ Milk’’ 3:45 3:45 
Oxalate 60 6.86 3:45 | 3:45 | 3:45 | 3:45 
3:45 | 3:45 | 3:45 | 3:45 
85 6.86 3:45 | 3:45 | 3:45 | 3:45 
3:45 | 3:45 | 3:45 | 3:45 


1 Approximately 10 minutes were required to cool the heated ‘‘milks’’ and adjust the first 
samples to the temperature of the water bath. 


2 pH of a mixture containing equal portions of unheated caseinate and heated phosphate sols. 


430 ce. clear limewater, cooling the solution under tap water and partially 
neutralizing 56.5 ec. 0.6 per cent H,PO, solution with some of the gelatin- 
limewater solution until a slight precipitate began to form. This limewater- 
acid mixture was slowly added to the remainder of the mechanically stirred 
gelatin-limewater solution from a capillary-tipped pipette held beneath the 
surface. A stable colloidal suspension resulted which was diluted to 500 ce. 


with distilled water; pH 6.60. 
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Heat-treating the Mixture——A mixture of equal portions of the calcium 
easeinate and calcium phosphate sols appeared like a calcium caseinate- 
calcium phosphate complex; the pH was 6.71. The coagulation curves of 
this mixture before and after heating at 60° C: and 85° C. are shown in 
Fig 2B and are similar to those of the complex. The pH of the portion 
after heating to 60° C. was 6.68; after heating to 85° C. pH 6.658. 

Heat-treating the Calcium Caseinate Fraction—In order to determine 
whether the hysteresis effects of heating involve the protein fraction or 
the inorganic phosphates or whether the presence of both is required a 
series of calcium caseinate sols were prepared as previously described and 
also a parallel series of colloidal calcium phosphate sols. The phosphate 
sols were made by adding calcium sucrate and H,PO, solutions simul- 
taneously to a dilute gelatin solution. A typical sol consisted of 420 ee. 
1.2 per cent gelatin solution, 10 ce. of a caleium sucrate solution containing 
8.0 per cent Ca(OH), and 70 ce. 0.6 per cent H,PO, solution. Both the 
sucrate and acid solutions were diluted to 150 ce. with some of the gelatin 
solution and were then slowly added to the remainder of the mechanically 
stirred gelatin from capillary-tipped pipettes held beneath the surface of 
the liquid. The stable translucent sol had a pH 6.72. 

In order to coagulate 50 ce. of a mixture of equal portions of caseinate 
and phosphate sols 1.0 ce. of 0.15N CaCl, solution was required in addition 
to the rennet. In one series of experiments one-half of the necessary CaCl, 
was added to the calcium ecaseinate sol before heating, but in the other 
series the CaCl, was added to the mixed sols immediately before the coagula- 
tion test. Table 1, Exp. B shows the effects on coagulability with rennet 
when the calcium caseinate fraction was heated to 60° C. and 85° C. for 
30 minutes before cooling and adding the colloidal calcium phosphate sol. 
The results show no significant effect on the coagulation time of the mixed 
sols. 

Heat-treating the Calcium Phosphate Fraction.—Calcium caseinate and 
colloidal calcium phosphate sols were prepared in a manner similar to those 
just described. In this study the phosphate sols were previously heated 
and cooled before mixing with the calcium caseinate fraction for coagula- 
tion. Nine separate experiments were conducted in which four different 
lots of casein and calcium sucrate solutions were used. <A typical experi- 
ment follows: A 5 per cent calcium caseinate sol made with 30 gm. casein 
and 415 ce. clear limewater had a pH of 6.80 after diluting to 600 ce. 

\The phosphate sol was made with 485 ce. 1.24 per cent gelatin, 19.75 ce. eal- 
cium sucrate containing 5.3 per cent Ca(OH), and 94 ce. 0.6 per cent H,PO, 
solutions. Both the acid and base solutions were diluted to 150 ec. with 
some of the gelatin solution and then were added simultaneously to the 
remainder of the gelatin; pH 6.60. 
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All cases in which the colloidal calcium phosphate sols were heated a 
peptization® of colloidal material resulted, being especially marked at 85° C. 
The hydrogen-ion concentration was always increased by heat-treating these 
sols, the extent of the increase being directly proportional to the tempera- 
ture. For example, in the sol just described after heating at 40° C. the pH 
was 6.37 ; at 60° C., 5.94 and at 85° C. 5.71. Similar but much less extensive 
effects were obtained after mixing the raw caseinate sol and the heated 
phosphate sols as shown in Table 1, Exp. C, (pH data in parentheses). 
This experiment shows the effects on coagulation when portions of the phos- 
phate sol were heated at 60° C. and 85° C. for 30 minutes before cooling 
and adding the caseinate for rennet coagulation. The hysteresis-like effects 
of delayed rennet addition are absent. Although this experiment is repre- 
sentative of most of those performed, in two trials in which different lots 
of casein and calcium sucrate were used to prepare the respective sols a 
decreased coagulability was observed which was so marked that it was 
apparent even when the phosphate fraction was heated at 40° C. and no 
coagulation curves were obtainable. The explanation has not yet been 
found for these two results. 


COAGULABILITY OF HEAT-TREATED CALCIUM CASEINATE SOLS 


Several investigators, including one of us, (15) have postulated that 
the effects of, heating milk on its coagulation with rennet are to be explained 
on a basis of a disturbance in the colloidal caleium ecaseinate system. In 
order to determine whether artificial systems of calcium caseinate would 
exhibit the hysteresis-like behavior portions of several calcium caseinate 
sols were heated to 60° C. and 85° C. for 30 minutes, cooled and coagulated 
at 40° C. In some sols a portion of the CaCl, required for coagulation was 
added before heating while in others it was added afterwards; this modi- 
fication did not affect the coagulation times. 

The ecaseinate systems produced a peculiar type of clot with rennet, 
the curd having a gummy or rubbery consistency which synerized rapidly. 
Also, considerably greater concentrations of CaCl, were necessary than 
for the caseinate-phosphate complexes. One sol clotted with one ec. 0.35N 
CaCl, solution but others required one ee. 0.48N CaCl,. Table 1, Exp. D 
shows the typical behavior of the heated sols of calicum caseinate. Previous 
heating of these sols was practically without effect on their coagulability, 
there being no evidence of the hysteresis shown by the caseinate-phosphate 
complexes. 


3 Although the decreased colloidality was found to be closely associated with the 
increase in acidity, the previous colloidality could not be restored by addition of alkali 
to the previous pH. Example: Original pH of phosphate 6.81; after heating 85° C. 
5.78; after addition of alkali 6.76. The presence of soluble electrolytes was found to be 
without influence inasmuch as dialysis failed to prevent both the decrease in colloidality 
and the drop in pH on heating. 
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COAGULABILITY OF CALCIUM CASEINATE COMPLEXES MADE WITH 
ARSENIC AND OXALIC ACIDS 


Although Hammarsten (16) first stated that other acids should replace 
phosphoric in the preparation of artificial ‘‘milks’’ this hypothesis was 
developed by Porcher (8) and Marui (14). The former postulated that 
arsenic acid could be used on account of its periodie relationship to phos- 
phoric. Accordingly, a few calcium caseinate-caleium arsenate ‘‘milks’’ 
were prepared and studies made of the coagulation of heated portions. 
These ‘‘milks’’ were prepared in general by triturating casein in lime- 
water to pH about 10.50 and increasing the hydrogen-ion concentration by 
the slow addition of M/10 H,AsO, solution. A representative ‘‘milk’’ 
contained 30 gm. casein, 1020 ec. clear limewater and 110 ce. M/10 H,AsO, 
solution ; after dilution to 1200 ce. the final pH was 6.68. A preliminary 
dialysis was necessary to prevent coagulation at 85° C.; the pH after 
dialysis had increased to 6.75. Although the ‘‘milk’’ was now stable at 
85° C. it coagulated in boiling water. 

These ‘‘milks’’ had the same appearance as the caseinate-phosphate com- 
plexes but required more CaCi, solution as 50 ee. of ‘‘milk’’ required one 
ee. N/2 CaCl, solution for rennet coagulation at 40° C., thus resembling the 
calcium caseinate sols. Portions of the ‘‘milk’’ were heated to 60° C. and 
85° C. for 30 minutes, cooled to 20° C. and the CaCl, solution added. 
Table 1, Exp. E shows the coagulation data of the above typical arsenate 
“‘milk’’; no significant hysteresis was observed on holding subsequent to 
the heat treatments. 

Two unsuccessful attempts were made to prepare a colloidal calcium 
arsenate sol in gelatin by using calcium sucrate and M/10 H,AsO, solution. 
A heavy precipitate is first formed but as the addition of acid increases and 
the pH of the mixture approaches that of natural milk the precipitate dis- 
appears and at the pH 6.67 the solutions are nearly transparent. Evidently 
a colloidal calcium arsenate does not exist at the pH of natural milk. This 
undoubtedly explains why the CaCl, requirements of the calcium caseinate- 
arsenate ‘‘milks’’ were similar to those of the pure calcium caseinate sols. 

Marui found that when sufficient CaCl, was added to a solution of casein 
in sodium acetate-oxalate it became milky and would coagulate with rennet. 
We extended this observation to determine whether or not a complex of 
calcium caseinate and collodial calcium oxalate would exhibit a hysteresis 
when heated and subsequently coagulated with rennet at 40° C. These 
“‘milks’’ were prepared in the general manner already described. A typical 
example is as follows: 30 gm. casein, 1020 ec. limewater and 95 ee. M/10 
oxalic acid slowly added with the aid of mechanical stirring; pH after dilu- 
tion to 1200 ee. was 6.84. 


These systems, like the arsenate ‘‘milks’’ and the caseinate sols, required 
more CaCl, than the caseinate-phosphate complexes; in all cases it was 
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added after heating. In order to coagulate the above ‘‘milk’’ in the desired 
time one ce. 0.35N CaCl, solution was required for each 50 ce. Table 1, 
Exp. F shows the coagulation times of the calcium caseinate-collodial eal- 
cium oxalate ‘‘milk’’ deseribed above after heating to 60° C. and 85° C. 
for 30 minutes. No hysteresis is apparent, the heating being without effect 
on the rate of coagulation. 


CATAPHORESIS OF HEATED SOLS OF CALCIUM CASEINATE AND 
CALCIUM CASEINATE-CALCIUM PHOSPHATE ‘‘ MILK’’ * 

Richardson and Palmer (17) have shown that slightly acid calcium 
caseinate sols exhibit an increased rate of migration in an electric field after 
heating in boiling water. It was hoped that the hysteresis-like phenomenon 
might also be followed by cataphoretic measurements and preliminary ob- 
servations were made by the Northrup-Kunitz method of electrophoresis. 
The details of this method are discussed by Moyer (18) and will not be 
ineluded here. With this method the individual particles are observed in 
a dark field and the average of 10 observations at both ‘‘stationary levels’’ 
are used for the calculation of the velocity of migration. The velocities are 
expressed in /sec./volt/em. 

The great dilution of the sol necessary for observation fosters a peptiza- 
tion of the particles, especially if a sodium buffer is used. Therefore, a 
calcium buffer was prepared by adding clear limewater to dilute H,PO, 
solution until a stable pH of' 6.67 was reached. The clear liquid was care- 
fully siphoned off and supercentrifuged at 40,000 R.P.M. Only a very few 
particles were visible in the ultramicroscope. 

A 5 per cent calcium caseinate sol was prepared by triturating 2.5 gm. 
casein in 45 ce. limewater and diluting to 50 ce. A calcium caseinate-phos- 
phate complex was prepared with 2.5 gm. casein, 93 ec. limewater and 9 ce. 
0.6 per cent H,PO, solution; the resulting pH was 6.61. Both sols were 
aged 14 hours at 5° C. and then lightly centrifuged before using. The 
calcium caseinate sol was heated to 85° C. for 30 minutes while portions 
of the caseinate-phosphate complex were heated to 60° C. and 85° C. for 
30 minutes and then cooled immediately to 20° C. The velocity of the 
particles was measured at 10, 40, and 70 minutes after heating. Table 
2 shows that the effects of heating on the velocity of migration in an electric 
field are more pronounced on the calcium caseinate-phosphate complex than 
on the calcium caseinate sol. 


DISCUSSION 


From the experimental findings it is apparent that those components in 
milk which are involved in the clotting phenomenon in the presence of 


4 Direction and assistance in this phase of the work was rendered by Dr. L. S. Moyer, 
National Research Council Fellow in the Division of Agricultural Biochemistry, University 
of Minnesota. 
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TABLE 2 
Effects of heating a calciwm caseinate sol and a calcium caseinate-phosphate ‘‘ milk’’ 
on their migration in an electric field 


VELOCITY OF MIGRATION IN u/SEC,./VOLT/CM, 
0 108 | 40 70 min. 
Caleium Unheated 1.42 
Caseinate 85 1.54 1.46 
or 
Caleium Unheated 1.36 | 
Caseinate- 60 1.72 1 1.63 
Phosphate 85 1.72 | 72 1.74 


* Approximately 10 minutes were required to cool and prepare the first samples for 
observation. 


rennet are likewise responsible for the hysteresis-like effect exhibited by 
heated milks when coagulated at definite time intervals after heating. 
Using coagulation as a criterion, since no special effort was made to secure 
clots, it was found that heated artificial systems of calcium caseinate- 
colloidal calcium phosphate show a progressive loss of coagulability with 
age. 
It is the opinion of Gyérgy (19), Kometiani (20) and Pyne (21) that 
the calcium caseinate and colloidal calcium phosphate systems in natural 
milk exist in a chemical union. If this opinion is correct a like association 
must exist to a certain extent in the artificial complex. Nevertheless, our 
results have shown that such a union is not essential either for coagulation 
by rennet or for the accompanying hysteresis, inasmuch as equal portions 
of the separate sols of calcium caseinate and colloidal calcium phosphate 
when mixed before heating produced a coagulation and hysteresis similar to 
that of the complex. The artificial systems even exhibited some evidence 
of the accelerating effect of low temperature heating on rennet coagulability 
which has been observed for natural milk. 

The effects of heat upon the calcium caseinate fraction appear much less 
significant than previously suggested. Although ultramicroseopic observa- 
tions revealed some slight physical change toward a coarser colloidal disper- 
sion this effect was not registered by coagulability or hysteresis. Even 
boiling an artificial caseinate-phosphate ‘‘milk’’ failed to impare the coagu- 
lability of new ‘‘milks’’ prepared with casein isolated from the heated 
camplex. Likewise when the colloidal calcium phosphate fraction was 
heated before mixing with the caseinate the effects of delayed addition of 
rennet were nil although minor differences in heating temperature were 
evident. The presence of both the caseinate and phosphate during the 
heating process is essential for the hysteresis-like phenomenon. 
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The decrease in pH of the heated phosphate sols is greatly masked by 
the presence of caseinate when the two sols are mixed in equal portions. 
This is true even to a greater degree when both fractions are present 
throughout the heat-treatment. Such extreme changes in hydrogen-ion 
concentration might mitigate other effects of heat such as a loss of much 
colloidal phosphate material. The peptization of colloidal calcium phos- 
phate observed is contrary to the existing beliefs of the effects of heat on 
the calcium salts in natural milk. 

It is not to be inferred that the mere presence of a second colloid is the 
criterion for the hysteresis behavior in the heated systems. We produced 
coagulation in a calcium caseinate-colloidal calcium oxalate ‘‘milk”’’ as did 
Marui (14), but these complexes showed no hysteresis-like behavior after 
heating. It appears that colloidal calcium phosphates are essential for this 
phenomenon. 

The preliminary cataphoretic studies of the heated calcium caseinate- 
phosphate complex and the heated caseinate sol indicate that the hysteresis 
phenomenon cannot be followed by changes in the velocity of migration of 
the colloidal particles. The effects observed seem to be somewhat contrary 
to those obtained by Richardson and Palmer (17) when using a modified 
Burton cataphoretic tube with raw and heated calcium caseinate sols. How- 
ever, the experimental conditions of the present investigation are not 
strictly comparable to those of the former so that final judgement should 
be reserved. Nevertheless, it is indicated here that the effects of heat. treat- 
ment on the cataphoretie velocity of rennet coagulable sols are not so closely 
related to their coagulability as the experiments of Richardson and Palmer 
suggested. 

Our experiments cannot be interpreted as disproving the belief of Moir 
(4) regarding the réle of a coagulation of lactalbumin in natural milk in 
connection with the phenomenon investigated. However, they suggest that 
Moir’s findings are not of major importance in explaining it for natural 
milk. 

CONCLUSIONS 

1. Heated calcium caesinate-colloidal calcium phosphate ‘‘milks’’ as well 
as mixtures of equal parts of the two separate sols exhibit a hysteresis-like 
behavior when coagulated with rennet at definite intervals after heating. 

2. Heat-treatment of calcium caseinate sols is practically without effect 
on their rate of coagulation either alone or when mixed with colloidal 
calcium phosphate. 

3. Heat-treatment of the colloidal calcium phosphate portion before add- 
ing the caseinate is practically without effect on the rate of coagulation of 
the mixture. 
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4. The hysteresis effects of heat on the complex result from the presence 
of both the caseinate and phosphate during heat-treatment. 
5. A complex containing colloidal calcium oxalate exhibits no hysteresis 
as a result of heating. 
6. A colloidal calcium arsenate does not exist at the pH of natural milk. 
7. Cataphoretic studies do not appear applicable as a means of following 
the hysteresis; additional work should be done, however, before discarding 
it. The fact that heating caused a greater increase in velocity of migration 
of a caseinate-phosphate complex than a calcium caseinate sol shows that the 
effects of heat are greatest in the presence of the colloidal phosphates. 
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American Dairy Science Association Announcements 


COMMITTEES OF THE MANUFACTURING SECTION OF 
THE AMERICAN DAIRY SCIENCE 
ASSOCIATION, 1935 


Committee on National Intercollegiate Dairy Products Judging Contest: 


H. W. Gregory (Purdue), Chairman 
R. B. Stoltz (Ohio) 

Wm. White (U.S. D. A.) 

P. A. Downs (Nebraska) 

R. W. Smith, Jr. (Vermont) 


Committee on Chemical Methods for the Analysis of Milk and Dairy 
Products: 
E. S. Guthrie (Cornell), Chairman 
H. A. Ruehe (Illinois) 
L. C. Thomsen (Wisconsin ) 
G. H. Wilster (Oregon) 
W. H. Martin (Kansas) 
W. D. Swope (Pennsylvania) 
F. J. Doan (Pennsylvania) 
B. L. Herrington (Cornell) 


Subcommittee on Milk and Cream: 
H. A. Ruehe (Illinois), Chairman 
R. W. Bell (U.S. D. A.) 
E. W. Bird (Iowa) 


Subcommittee on Butter: 
L. C. Thomsen (Wisconsin), Chairman 
D. H. Nelson (California) 
S. T. Coulter (Minnesota) 
G. H. Wilster (Oregon) 


Subcommittee on Cheese: 
G. H. Wilster (Oregon), chairman 
W. V. Price (Wisconsin) 
A. J. Morris (Utah) 
E. F. Goss (Iowa) 
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Subcommittee on Ice Cream: 
W. H. Martin (Kansas), Chairman 
W. E. Peterson (Minnesota) 
L. K. Crowe (Nebraska) 
P. 8S. Lueas (Michigan) 


Subcommittee on Condensed and Evaporated Milk: 
W. D. Swope (Pennsylvania), Chairman 
E. O. Anderson (Connecticut) 
L. M. Thurston (West Virginia) 
E. O. Herreid (Minnesota) 


Subcommittee on Dry Miik: 
F. J. Doan (Pennsylvania), Chairman 
J. L. Hileman (Dairymen’s League, Syracuse, N. Y.) 
G. C. Supplee (Dry Milk Co., Bainbridge, N. Y.) 
R. W. Titus (Nestle’s Milk Products Co., Marysville, Ohio) 
J. I. Keith (Oklahoma) 


Subcommittee on Skimmilk, Buttermilk, and Whey: 
B. L. Herrington (Cornell), Chairman 
B. E. Horrall (Purdue) 


E. W. Bird (Iowa) 
.A. H. Johnson (National Dairy Products Corp., Baltimore, Md.) 


Committee on Bacteriological Methods for the Analysis of Milk and Dairy 
Products: 
H. Maey (Minnesota), Chairman 
E. H. Parfitt (Purdue) 
E. G. Hood (Ottawa, Canada) 
A. C. Fay (Kansas) 
P. A. Downs (Nebraska) 
P. S. Prickett (Mead, Johnson & Co., Evansville, Ind.) 
R. S. Breed (Geneva, N. Y.) 


Subcommittee on Butter: 
E. H. Parfitt (Purdue), Chairman 
B. W. Hammer (lowa) 
E. G. Hood (Ottawa, Canada) 
R. P. Myers (National Dairy Products Corp., Baltimore, Md.) 


Subcommittee on Cheese: 
E. G. Hood (Canada), Chairman 
W. C. Frazier (Wisconsin ) 


| 
> 


ANNOUNCEMENTS 417 


W. S. Golding (Idaho) 
W. V. Price (Wisconsin ) 
C. D. Kelly (Old Tavern Farms, Inc., Portland, Me.) 


Subcommittee on Ice Cream: 
A. C. Fay (Kansas), Chairman 
B. W. Hammer (Iowa) 
F. W. Fabian (Michigan) 


Subcommittee on Condensed and Evaporated Milk: 
P. A. Downs (Nebraska), Chairman 
B. W. Hammer (Iowa) 
W. A. Cordes (Blue Valley Creamery Co., Chicago) 


Subcommittee on Dry Milk: 


P. S. Prickett (Mead, Johnson & Co., Evansville, Ind.), Chairman 
G. C. Supplee (Dry Milk Co., Bainbridge, N. Y.) 
R. Sehneiter (U. S. D. A.) 


Subcommittee on Market Milk: 
R. 8. Breed (Geneva, N. Y.), Chairman 
J. A. Anderson (New Jersey) 
H. E. Bremer (Montpelier, Vt.) 
M. W. Yale (Geneva, N. Y.) 
C. K. Johns (Ottawa, Canada) 
C. N. Stark (Cornell) 


9a. M.—5) P. 


1:30 m.—4: 30P. 
2 Pp. 


8: 30P. 


AMERICAN DAIRY SCIENCE ASSOCIATION 
The Thirtieth Annual Meeting 
St. Paul, Minnesota, June 24 to 27, 1935 


GENERAL PROGRAM 
Monday, June 24 


mM.—General registration and room registration. 


Haecker Hall, University Farm. 


mM.—Extension Section, Haecker Hall, Room 210. 
m.—Dairy products judging and special butter judging 


demonstration by federal butter graders. 
Haecker Hall, Creamery Room 


. M.—Executive Committee Meeting, Haecker Hall, Room 


214. 


m.—General registration and room registration. 


Women’s Dormitory, University Farm. 


m.—Opening Session and Business Meeting. 


Auditorium, Administration Building, University 
Farm. 

President C. L. Roadhouse, presiding. 

Address of Weleome—President L. D. Coffman, 
University of Minnesota. 

Address of Weleome—Dean W. C. Coffey, Uni- 
versity of Minnesota. 

Business Meeting. 


m.—Informal social get-together for members and guests 


and their families, Home Economics Building, 
University Farm. 


Tuesday, June 25 


8 a. M.4 p. M.— General registration and room registration. 


Haecker Hall, University Farm. 


9 a. M.—12 Noon—Joint Meeting of Section O, American Association 


for the Advancement of Science, American Dairy 
Science Association, Corn Belt Section of the 
American Society of Agronomy, American Society 
of Horticultural Science, Great Plains Section, 
American Phytopathological Society, The Genetics 
Society of America, and The American Society of 
Plant Physiologists. Auditorium, Administration 
Building, University Farm. 

Symposium: Improving the Germ Plasm of 
Domestic Plants and Animals, H. K. Hayes, 
Chairman, Section O, Vice President, A. A. 
A.S., presiding. 
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Introductory Address: Dean W. C. Coffey, Uni- 
versity of Minnesota. 
Some Accomplishments with Animals: Dr. J. L. 
Lush, Iowa State College. 
Analysis and Synthesis in the Development of 
New Varieties of Plants: Dr. O. S. Aamodt, 
University of Wisconsin. 
12 Noon-1 Pp. M.—Lunceh hour. 
1 ep. M—2 p. Mi—Extension Exhibits, Haecker Hall, Room 101. 
lp. m4 Pp. M.—Produetion Section, Haecker Hall, Room 100. 
lp. Pp. Mi—Manufacturing Section, Haecker Hall, Room 109. 
4p. M.—4:30 Pp. m.—Section Committee Meetings. 
4p. M—4:30 p. ma—Members, guests and their families leave for trip to 
Land-O-Lakes Creameries, Inc., Minneapolis. 
6 p. ma—Complimentary dinner and entertainment as guests of 
Land-O-Lakes Creameries, Inc. Admission by ticket. 


Wednesday, June 26 


9 a. M.—12 Noon—Production Section. Haecker Hall, Room 100. 
9 a. M—12 Noon—Manufacturing Section. Haecker Hall, Room 109. 
12 Noon—1 p. M—Complimentary Dairy Lunch. Haecker Hall. 
lp. M—2 Pp. Mi—Produetion Section Business Meeting. Haecker Hall, 


Room 100. 

1 p. M.—2 p. Ma—Manufacturing Section Business Meeting. Haecker Hall, 
Room 109. 

lp. m.—2 p. ma—Extension Section Business Meeting. Haecker Hall, 
Room 210. 


2 p. m.—4:30 p. m—Section on Problems and Methods of Instruction. 
Haecker Hall, Room 100. 
2 p. M.—4:30 p. m—Manufacturing Section. Haecker Hall, Room 109. 
2 p. M.—4:30 p. m—Extension Section. Haecker Hall, Room 210. 
5 p. M@—Leave for Minneapolis Automobile Club. 
7 ep. M—Subsceription banquet and entertainment at Minneapolis 
Automobile Club. (Tickets to be purchased on regis- 
tration. ) 


Thursday, June 27 


9a.mM—10 a.m.—Closing general session and business meeting. Audi- 
torium, Administration Building, University Farm. 
President C. L. Roadhouse presiding. 
10 a. M—1 p. M.—Production Section. Haecker Hall, Room 100. 
10 a. M—1 p. M—Manufacturing Section. Haecker Hall, Room 109. 
lp. M.—2 p. M—Lunceh hour. 

2 p. m.—Leave for arranged tours to cooperative and independent 
dairy plants in the Twin Cities and trips to farms of 
various breeders in the vicinity of the Twin Cities. In- 
formation regarding these tours and trips will be avail- 
able on registration. Members desiring any given tour 
or trip will register for same at time of general regis- 
tration. 
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SECTION PROGRAMS 
EXTENSION SECTION 


Monday afternoon, June 24, 1: 30-4: 30 o’clock 
Haecker Hall, Room 210 


Fioyp JoHnston, Chairman 


Cow Testing (A. B. Nystrom, Chairman) Frepine (C. L. Blackman, Chair- 
man), Cius (D. M. Seath, Chairman). 
(Papers limited to 10 minutes) 


E1—Revision of record forms. J. W. Linn, Kansas State College. 
E2—tTesters conferences—Official herd testing and testers organizations. 
W. T. Crandall, Cornell University. 
E3—Farm account week through D. H. T. A. and bi-monthly testing. A. 
J. Cramer, University of Wisconsin. 
E4—Analysis of D. H. I. A. data. G. A. Williams, Purdue University. 
E5—A yearly association program. A. B. Nystrom, Bureau of Dairy In- 
| dustry, U. 8. D. A. 
E6—Developing a pasture program. L. A. Higgins, Mississippi A. and M. 
College. 
E7—A feeding program based on D. H. I. A. reports. J. O. Tretsven, 
Montana State College. 
E8—County feeding programs. H. R. Searles, University of Minnesota. 
E9—The five session feeding schools. C. L. Blackman, University of Ohio. 
E10—Reecord keeping and reporting—Dairy club work. R. G. Connelly, 
Virginia A. and M. College. 
E11—Basis for premium awards in dairy calf club work. Ivan MecKellip, 
University of Ohio. 
E12—Making dairymen out of club members. D. M. Seath, Kansas State 
College. 


PRODUCTION SECTION 
Tuesday afternoon, June 25, 1: 00-4: 30 o’clock 
‘ Haecker Hall, Room 100 
C. Y. Cannon, Chairman 


MILK SECRETION, HORMONES, GENETICS, VITAMINS 
(Papers limited to 15 minutes) 


_ P1—The involution of the mammary gland. E. P. Reineke and C. W. 
4 Turner, University of Missouri. 
P2—The ovary stimulating interaction of blood serum from cattle and 
gonadotrophie extracts. L. E. Casida, University of Wisconsin. 
P3—A review of color inheritance in dairy cattle. Heman L. Ibsen and 
H. W. Cave, Kansas State College. 
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P4—The dietary requirements of goats for vitamin E (A progress report). 
John L. Wilson, B. H. Thomas and C. Y. Cannon, Iowa State Col- 
lege. 

P5—A preliminary study of the vitamin D requirement of calves when fed 
natural milk as the source of this vitamin. C. F. Huffman and 
C. W. Dunean, Michigan State College. 

P6—The pathology of rickets in dairy calves. H. Ernest Bechtel, E. T. 
Hollman and C. F. Huffman, Michigan State College. 

P7—The color and carotene content of various home-grown roughage 
rations and the influence of these rations on the color, carotene and 
vitamin A potency of the butterfat. R. E. Hodgson, J. C. Knott, 
H. K. Murer and R. R. Graves, Bureau of Dairy Industry, U. 8S. 
D. A., and Washington State College. 

P8—tThe vitamin A activity of butter produced by cows fed alfalfa hay and 
soybean hay cut in different stages of maturity. J. H. Hilton, J. 
W. Wilbur and 8. M. Hauge, Purdue University. 

P9—‘‘ Caratone”’ in rations for dairy calves. A. H. Kuhlman, W. D. Gal- 
lup and Earl Weaver, Oklahoma A. and M. College. 

P10—Blindness in cattle of nutritional origin associated with constriction of 
the optic nerve. L. A. Moore, C. F. Huffman, and C. W. Duncan, 
Michigan State College. 

4:00 P.m. Committee meetings. 


MANUFACTURING SECTION 


Tuesday afternoon, June 25, 1: 00-4: 30 o’cloek 
Haecker Hall, Room 109 


M. J. Mack, Chairman 


CHEMISTRY 
(Papers limited to 10 minutes) 


M1—Studies on the ash and nitrogen distribution of processed cheese as 
affected by the salts used and a comparison of the methods used for 
the determination of the pH of the cheese. Hugh L. Templeton, 
University of Wisconsin. 

M2—Effects of some ions on the properties of ice cream mixes. J. I. Keith, 
C. W. Rink and Earl Weaver, Oklahoma A. and M. College. 
M3—The hydrogen ion concentration and titratable acidity of butter, 
cream and buttermilk. O. F. Hunziker and W. A. Cordes, Blue 

Valley Creamery Co., Chicago. 

M4—Range of hydrogen ion concentration in sour cream butter. E. H. 
Parfitt, Purdue University. 

M5—The thiocyanogen value as a means of measuring unsaturated fatty 
acids in butterfat. O. J. Hill and L. S. Palmer, University of 
Minnesota. 

M6—The effect of homogenization on some of the fat constants of milk. I. 
A. Gould and G. M. Trout, Michigan State College. 
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M7—Variations in physical properties of milk. G. P. Sanders, K. I. Mathe- 
son and I. A. Burkey, Bureau of Dairy Industry, U. 8. D. A. 
M8—Soft curd character induced in milk by intense sonic vibration. Les- 

lie A. Chambers, University of Pennsylvania. 

M9—Variations in the curd tension of the milk throughout the complete 
lactation period. M. H. Berry, University of Maryland. 
M10—Effect of mastitis upon milk quality and composition. P. A. Downs, 

University of Nebraska. 

M11—The relation of mastitis to the rennet coagulability and curd strength 
of milk. H. H. Sommers and Helene Matson, University of Wis- 
consin. 

M12—Structural changes occurring in casein as shown by X-ray diffraction 
studies. S. L. Tuckey, H. A. Ruehe and G. L. Clark, University of 
Illinois. 

4:00 ep. m—Committee Meetings. 


EXTENSION SECTION 
Tuesday afternoon, June 25, 1:00-2:00 o’clock 
,Haecker Hall, Room 101 
Fioyp JoHNsTon, Chairman 
EXHIBITS 


Extension exhibition 


Ear! N. Schultz, Chairman, Iowa State College, 
Ramer Leighton, University of Minnesota, 
J. E. Crosby, Jr., University of Missouri. 
The dairy extension exhibits from the states will be on display through- 
out the entire meeting. They will be discussed by the above committee 
during this hour. Those especially interested may extend this time. 


MANUFACTURING SECTION 
Wednesday morning, June 26, 9 : 00-12: 00 o’clock 
Haecker Hall, Room 109 
M. J. Mack, Chairman 
CHEMISTRY AND TECHNOLOGY 
(Papers limited to 10 minutes) 


~ 


M13—Effects of time and temperature of holding milk heat-treated at vari- 
ous temperatures on its subsequent coagulation by rennet. Milton 
E. Powell, University of Minnesota. 

M14—Determinations of copper in sugar condensed milk and some relations 
between the copper content and off flavor in strawberry ice cream. 
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Harold L. Link, Harry J. Konen and L. A. Baumann, Xavier Uni- 
versity and French-Bauer, Inc., Cincinnati. 

M15—The application of the Minnesota Babcock method to the testing of ice 
cream, concentrated milk and chocolate milk. L. M. Thurston and 
W. Carson Brown, West Virginia University. 

M16—The standardization of the Borden Body Flow-Meter for determining 
the apparent viscosity of cream. J.C. Hening, New York Agricul- 
tural Experiment Station, Geneva. 

M17—Judging sweet cream. J. H. Nair, D. E. Mook and R. S. Fleming, 
Borden’s Research Laboratory, Syracuse. 

M18—Some factors affecting the properties of whipped cream. W.S. Muel- 
ler, M. J. Mack and H. G. Lindquist, Massachusetts State College. 

M19—Frequency of the flavor defects in milk. Earl Weaver, E. L. Fouts 
and P. C. MeGilliard, Oklahoma A. and M. College. 

M20—Effects of feeds on oxidized flavors in pasteurized milk. Ed. Prewitt 
and E. H. Parfitt, Purdue University. 

M21—Methods of studying feed effects on the physical properties of butter- 
fat. Willis D. Gallup, J. I. Keith and A. H. Kuhlman, Oklahoma 
A. and M. College. 

M22—Effect of a heavy cottonseed meal ration on’ milk and butter. J. I. 
Keith, A. H. Kuhlman, Earl Weaver and Willis D. Gallup, Okla- 
homa A. and M. College. 


PRODUCTION SECTION 


Wednesday morning, June 26, 9: 00-12: 00 o’clock 
Haecker Hall, Room 100 
C. Y. Cannon, Chairman 


VITAMINS (continued), SILAGE, HAY 
(Papers limited to 15 minutes) 


P11—A study of the malnutrition incident to the heavy feeding of cotton- 
seed meal. S. I. Bechdel and 8S. R. Skaggs, Pennsylvania State 
College. 

P12—Influence of the ration on the vitamin C content of milk. W. H. 
Ridell, C. H. Whitnah and J. S. Hughes, Kansas State College. 

P13—Effect of the condition of corn plant at cutting upon the carotene 
content of silage. E. A. Kane and C. A. Cary, Bureau of Dairy 
Industry, U. 8. D. A. 

P14—The stack silage method of preserving forage crops and the compara- 
tive nutritive value of oat and pea silage made in a stack and in a 
tower. J.C. Knott, R. E. Hodgson and R. R. Graves, Washington 
State College and Bureau of Dairy Industry, U. 8. D. A. 

P15—Pea vine silage as a feed for dairy cattle. J. C. Tretsven, Montana 
State College. 

P16—Studies regarding the use of mineral acids for the preservation of 
forage. C.C. Hayden, A. E. Perkins, C. F. Monroe, W. E. Krauss, 
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C. E. Knoop, R. G. Washburn and T. 8. Sutton, Ohio Agricultural 
Experiment Station, Wooster. 

P17—Molasses as a preserving agent in making soybean silage. E. C. 
Elting, Clemson College, South Carolina. 

P18—Experimental cottonseed meal ration plus silage versus herd ration, 
hay and silage feeding. R. H. Lush, Louisiana State University. 

P19—The digestibility and feeding value of Russian thistle hay. H. W. 
Cave, W. H. Riddell and J. 8. Hughes, Kansas State College. 

P20—Lespedeza Sericea feeding trials with dairy cows. C. E. Wylie and 
S. A. Hinton, University of Tennessee. 


MANUFACTURING SECTION 
Wednesday afternoon, June 26, 1: 00-4: 30 o’clock 
Haecker Hall, Room 109 
C. J. Mack, Chairman 


BACTERIOLOGY 
(Papers limited to 10 minutes) 


1 p. M.—2 Pp. M.—Section business meeting. 

M23—The detection and control of bovine mastitis. G. J. Hucker, New 
York Agricultural Experiment Station, Geneva. 

M24—Studies on aseptically drawn milk from Bang’s disease positive and 
Bang’s disease negative cows. H. B. Morrison and F. E. Hull, 
University of Kentucky. 

M25—Bitter flavor in cheddar cheese from pasteurized milk. C. A. Phillips, 
University of California. 

M26—Study of a gassy defect in cream cheese. W. J. Corbett, W. C. 
Frazier and W. V. Price, University of Wisconsin. 

M27—Varieties of the genus Oospora found in cream and butter. C. M. 
Sorensen, Purdue University. 

M28—The disappearance of acetylmethylearbinol and diacetyl in butter 
cultures. G. L. Stahly, M. B. Michaelian, C. H. Werkman and B. 
W. Hammer, Iowa State College. 

M29—A study of Escherichia-aerobacter organisms in pasteurized milk. 
Joseph L. Minkin and L. H. Burgwald, Ohio State University. 

M30—Observations on yeasts causing gas in sweetened condensed milk. H. 
C. Olson and B. W. Hammer, Iowa State College. 

M31—Standard laboratory methods for the control of dairy products. Rob- 
ert S. Breed, New York Agricultural Experiment Station, Geneva. 


| 
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EXTENSION SECTION 


Wednesday afternoon, June 26, 1: 00-4: 30 o’clock 
‘ Haecker Hall, Room 210 
FLoyp JoHNsTon, Chairman 


SIRES (J. G. Kenprick, Chairman) QUALITY IMPROVEMENT 
(A, C. BourzER, Chairman) 
(Papers limited to 10 minutes) 


lp. M.-2 p. Mi—Section business meeting. 

E13—Listing D. H. I. A. proved sires—Permanent records. E. N. Schultz, 
Iowa State College. 

E14—Terminology for indicating the merits of D. H. I. A. sires. 8S. J. 
Brownell, Cornell University. 

E15—Analysis of D. H. I. A. proved sire records. E. J. Perry, State Uni- 
versity of New Jersey. 

E16—Sons of D. H. I. A. proved sires. D.H. Fourt, University of Idaho. 

E17—Standardized lactation records for reporting dam and daughter com- 
parisons in D.H.I. A. J. F. Kendrick, Bureau of Dairy Industry, 
U.S. D. A. 

E18—Quality improvement committee report. E. C. Scheidenhelm, Uni- 
versity of Nebraska. 

E19—Quality improvement committee report. C. A. Hutton, University of 
Tennessee. 

E20—Quality improvement committee report. Fred H. Abbott, University 
of California. 

E21—Quality improvement committee report. A. J. Mann, Connecticut 
Agricultural College. 

E22—Quality improvement committee report. A. C. Baltzer, Michigan 
State College. 


SECTION ON PROBLEMS AND METHODS OF INSTRUCTION 
Wednesday afternoon, June 26, 2: 00-4: 30 o’clock 
Haecker Hall, Room 100 


Earu WEAVER, Chairman 
(Papers limited to 15 minutes) 


I1—A basie curriculum for an agricultural college. H. P. Davis, University 
of Nebraska. 

12—Certain suggestions for a course of study for those majoring in dairy 
industry. J. H. Frandsen, Massachusetts State College. 

I3—Building a course in dairy husbandry. H. P. Davis, University of 
Nebraska. 

I4—F requent quizzes in teaching dairy elements. E. L. Fouts and J. I. 
Keith, Oklahoma A. and M. College. 

15—Adjusting dairy instruction to the needs of the state. C. E. Wylie, 
University of Tennessee. 
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16—The integrated course of study in agriculture. <A. M. Field (by invita- 
tion) Division of Agricultural Education, University of Minnesota. 


PRODUCTION SECTION 


Thursday morning, June 27, 10: 00-1: 00 o’elock 
Haecker Hall, Room 100 


C. Y. Cannon, Chairman 


NUTRITION, RATIONS, PERFORMANCE 
(Papers limited to 15 minutes) 


P21—The effect of soybeans on the fat content of milk. J. W. Wilbur, J. 
H. Hilton and co-workers, Purdue University. 

P22—The effect of quality and level of protein intake on growth and milk 
production. I. W. Rupel, G. Bohstedt and E. B. Hart, University 
of Wisconsin. 

P23—Milk and butterfat production on high and low protein rations. C. A. 
Cary, Bureau of Dairy Industry, U. 8. D. A. 

P24—Extremes in protein feeding—Bearing of results on the protein-feed- 
ing standard. A. E. Perkins, Ohio Agricultural Experiment Sta- 
tion. 

P25—Changes in weight of new born calves as related to the method of feed- 
ing. C. L. Cole, University of Minnesota. 

P26—The nutrients required by dairy cows kept in an open shed versus cows 
kept in a dairy barn. J. R. Dice, North Dakota Agricultural Col- 
lege. 

P27—Formulae for caleulating rations for milk cows. A. H. Kuhlman, 
Oklahoma A. and M. College. 

P28—Permanent records in the station herd. R. B. Becker, University of 
Florida. 

P29—Effect of breeding efficiency and culling on herd production. Lynn 
Copeland, American Jersey Cattle Club, New York City. 


MANUFACTURING SECTION 
Thursday morning, June 27, 10: 00-1: 00 o’clock 
| Haecker Hall, Room 109 


C. J. Mack, Chairman 


CHEESE, BUTTER AND TECHNOLOGY 
(Papers limited to 10 minutes) 


M32—Acidity in the manufacture of cream cheese. Z. D. Roundy and W. 
V. Price, University of Wisconsin. 

M33—The manufacture of a soft cheese of the Bel Paese type. Robert R. 
Farrar, Bureau of Dairy Industry, U. 8. D. A. 
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M34—Experiments with canned cheddar cheese. E. L. Reichart, University 
of Nebraska. 

M35—The vitamin A content of sour cream butter, sweet cream butter and 
margarine. I. L. Hathaway and H. P. Davis, University of 
Nebraska. 

M36—Tecehnic, examination and reporting extraneous matter in butter. B. 
E. Horrall, Purdue University. 

M37—Notes on the national cream quality improvement campaign. M. E. 
Parker, Seal-test System Laboratories, Inc., Cleveland. 

M38—Efficiency of electrically operated tanks versus ice in the cooling of 
milk. J. H. Frandsen, Massachusetts State College. 

M39—Frozen brines as refrigerants of ice cream in cabinets and shipping 
containers. H. H. Sommer, University of Wisconsin. 

M40—An experimental ice cream freezing unit. J. I. Keith and C. W. Rink, 
Oklahoma A. and M. College. 

M41—Methods for testing condensing pans. L. C. Thomsen, University of 
Wisconsin. 
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AMERICAN DAIRY SCIENCE ASSOCIATION 


INCORPORATED IN THE DISTRICT OF COLUMBIA 


Officers 
President C. L. Roapuousg, Davis, Calif. 
Vice-President H. A, Ruene, Urbana, 
Secretary-Treagsurer R, GRAVES, Washington, D. C. 
Se A. C. DaHLBERG, Geneva, N. Y. 
Director ..... M. MorTENSEN, Ames, Iowa. 
Director .... O. F. Hunzixer, Chicago, Illinois 
Director .......... L. A. Rogers, Washington, D. C. 


Officers of Sections 
Section No. 1—Dairy Production 


Chairman. ........... C. Y. Cannon, Ames, Iowa 
Secretary R. H. Lusu, Baton Rouge, La. 
Section No. 2—Dairy Manufactures 
Chairman M. J. Mack, Amherst, Mass. 
Secretary G. M. Trout, East Lansing, Mich. 
Section No. 3—Extension 

Chairman FLoyp JOHNSON, Ames, Iowa. 
Secretary C, L. BLackman, Columbus, Ohio 

Officers of Divisions 
Southern ....... me R. H. Lusu, Chairman, Baton Rouge, Louisiana 

A. H. KunuMan, Secretary, Stillwater, Okla. 
Eastern ........... R. E. Jounson, Chairman, Storrs, Conn. 

H. G. Linpquist, Amherst, Mass. 
Western J. A. NELSON, Chairman, Boseman, Mont. 


O. J. Huu, Secretary, Pullman, Wash. 


The American Dairy Science Association was organized to advance the general wel- 
fare of the dairy industry, especially by the improvement of dairy instruction by the 
stimulation of scientific research in all phases of the subject and by improvement in 
methods of conducting extension work. 

Membership shall consist of two kinds: (1) active, (2) associate. 

The qualifications for membership in the two classes are as follows: (a) Any per- 
son is eligible to active membership who is formally announced by an Agricultural 
College, or Experiment Station, or by the Bureau of Dairying of the United States 
Department of Agriculture as an instructor, extension worker, investigator, or adminis- 
trative officer connected with the dairy industry, or (b) anyone filling a position of 
responsibility connected with the dairy industry and who has had a college or University 
training in technical science, or anyone filling a responsible position in the industry of 
a professional character requiring a technical knowledge of dairying of a high order. 
~ Any person is eligible to associate membership who is regularly enrolled in a col- 
legiate course in a college of Agriculture and who is specializing in dairying. Associate 
membership is attained by election to membership in a local chapter of the American 
Dairy Science Association. 

The dues are $5.00 a year for active membership. Correspondence regarding mem- 
bership and dues should be addressed to R. R. Graves, United States Department of 
Agriculture, Washington, D. C. 


B-K is needed now, more than at any other 
time of the year, to help prevent off-flavor, 
quick-souring and high bacteria count milk. 


By thoroughly cleaning utensils after milking 

. by properly cooling milk . . . by steri- 
lizing utensils just before using with B-K, high 
quality milk can be produced in spite of hot 
weather! 


B-K, the preferred sterilizer with thousands of 
dairy farmers and milk plant managers, destroys 
instantly on contact 99% of all bacteria on 
milking utensils and equipment that cause 
odors, off-flavor and quick souring of milk. 


B-K Comes in Both 
Powder and Liquid Form 


B-K Powder contains 50% available chlorine 
and can be used either to testi a stock solution 
or added direct to rinse water. B-K Liquid is 
still preferred by thousands of users because it 
provides a dependable, ready-made solution at 
a low price. 


Send today for quantity discounts and 
valuable free book, “Better Dairy Products.” 


General Laboratories, Inc. 
Dept. 62, Widener Baiding, Po. 


IMPORTANT 


B-K_ sterilizes efficiently 
in cool, warm or hot 
water. Tests proved that 
solutions of B-K contain- 
ing 50, 100 and 200 p.p.m. 
when boiled for 10 min- 
utes, did not lose their 
available chlorine con- 
tent. Laboratory data 
on heat tests free on 
request 
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Chr. Hansen's 
in Milwaukee 


USING THE MOST 
MODERN METHODS 


It is of utmost importance to the 
dairy industry that it have prepara- 
tions of dependable quality and known 
uniformity. To provide such assur- 
ance, we operate this completely mod- 
ern laboratory where Hansen’s Ren- 
net, Cheese Color, Butter Color and 
Lactic Ferment Cultures are prepared 
under constant scientific control. 


CHR. HANSEN’S LABORATORY, INC. 


Milwaukee, Wis. 


THE SCIENCE PRESS 
PRINTING COMPANY 


Printers of 
Scientific and Educational 
Journals, Monographs and 


Books 


Information furnished and 
detailed estimates submitted 
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WYANDOTTE 
ALUMINUM CLEANER 4x 
WYANDOTTE DETERGENT rhc Su al 


CLEANING JOBS 


made to do the snuwal cleaning jobs around the 

For brightesing equipment and removing mith substances 
(commonty called milk stone) ase Wyandotte ARSE Bis wedily 

ond completely soluble, econamieel to usc, and meets. any herd water 

conditions. 

Aluminum Cleaner 4X wilt sot tarnish or comode and 
can be used im hard water. beely. 


Try Wyandotte Detergent tor polishing and cams. 


Perhaps you can save expense. 
“WRITE FOR FULL INFORMATION: 
J. &. FORO COMPANY 
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